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PREFACE. 


THROUGH the kindness of Sir .loin, Mnnh.ll, C.I.E., Litt.D., etc.. Director 
C-enetal of Archeology, and the Hon'ble Sir. H. Sharp. CAI.. C.I.E etc 
Educational Commissioner with the Government of India, I was able, in December 
am aniinty 1015-18, to visit the old observatories at Delhi. Jaipur, Ujiain 
and Benares, and this volume la a direct result of my tour 

In the following chapters on attempt baa been made to exhibit the 
known facts relating to Jai Singh's astronomical work ami to describe hi! 

j"? ™r“‘.““'.‘‘'‘“I' 11,0 ‘“ bi “ t "“ tlM conve,| icntlv arranges itself 
into the following d.v„,ons: (i) Jai Singh's preparation for his astronomical 

reseaicbes; (n) his own publications j (iii) the instruments of his predecessors 
that he employed; (IV) the instruments be denied; (v) the observatories he 

.... (T I> MUnlJtte of h, “ <**• The sixth section presented 

.mm difficulty, chiefly because ol the somewhat erroneous idea that prevails, that 
an account of Jai Singh is necessarily intimately connected with the history of 
Hindu Astronomy. To form a proper estimate of the value ol Jai Singh's 
work, and to place it in correct relationship with that of his predecessors 
It is, of course, necessary to have knowledge of the history of the develon- 
ment ol astronomy before his time ; and, while there is abundance ol literature 
on European and .Muslim astronomy, there is at present no systematic account 
of Hindu astronomy generally available; so a second part of this work contain- 
ing a fairy lull account of Hindu astronomy was under contemplation. But 
this would have altered the character of the book and Jai Singh would have 
ceased to be its pnaeipal feature: also, an account of Hindu astronomy will 
appear at the same time as this volume in the ' Open Court Classics ol 
Science and Philosophy. ] have, therefore, here given only a summary ol 
Htndu astronomy ,n so far as it is related to Jai Singh’s labours, «„d lor 
further detail* would refor the reader to my other book. 

This volume is primarily a tour report for the Archn-ological Department 
and therefore principally descriptive. That it [eaves much to be accomplished 
ts to be regretted but it was inevitable; and, indeed, to attempt to make 
such a record perfectly complete would mean the indefinite postponement of 
.« publication. 1 must therefore, plead for some lenience of judgment, and 1 
trust tha the intrinsic interest of the facts recorded will, in some measure 
compensate for tile inadequacy of the presentation. 

It is now my pleasant duty to rectnd my grateful thanks for help and 
encouragement To the Durban of Jaipur and Gwalior I am greatly indebted 
for their kind hospitality and for the valuable assistance given' by tW, 
officers; and my thanks are specially due to Lab. Chuni La], the Darngba 
Imar.it, and Professor \. \. Tamhsnkar and Pandit Kedar Nath of Jaipur 
to Ha, Babadur Munshi B.I Unhand, the Sar Suba, and Pandit aCm 


f 
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Sundar Shanna, Telisildar, Ujjain ; to Pandit Gokal Chatid of Jaipur for his 
assistance at Benares and Pandit Mahadeva Sastri Ghatri who, with the kind 
permission of Her Highness the Maharani of Darbhanga, placed himself at my 
disposal at Benares j and to Air. Sofian Lai of the Arclncologicol Department 
who accompanied me on my tour. To Mr. Fazl Elahi, B.A., and Professor 
A bd-ur* Rah man of St. Stephen’s College, Delhi, my thanks are due for assistance 
in translating some Persian works on the Astrolabe and in the interpretation 
of obscure Arabic terms. To the Superintendents of the Museums at Calcutta 
and Lahore 1 am indebted for the loan of certain instruments. The Public Works 
Stafl of the Imperial City, Delhi, and particularly Mr. Glen, Executive Engineer, 
rendered most valuable assistance; and to the care and skill of the Superintendent 
ai (i over nil lent Printing and the Surveyor General and their staffs 1 am obviously 
greatly indebted. It is impossible to repay in words my debt to Sir John 
Marshall and Air. \\. E. Jardiue, CM.E., the Resident of Gwalior, for advice, 
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The Astronomical Observatories 

of Jai Singh 

-♦ 

Chapter 1 . — JAI SINGH. 


I. Mahfirlja Sawfti Jai Singh II of Jaipur was bom in A. D, IfiSO' and 
succeeded to the Amber territory at the age of thirteen in A.D. 1609, a few years 
before the death of Aurangaeb. He had difficulties in establishing himself, but in 
1708 obtained complete possession of the province. In 1710 he was appointed by 
Muhammad Shah governor of the province of Agra and soon after to Malwa. In 
173! he was again governor of Malwa and in that, year, apparently with the cog¬ 
ence of the Emperor, he resigned the province to the Peahwft. He died in 
1743. two hundred years after Copernicus, and “ hi® wives, concubines, and #ctencs 
expired with bim on his funeral pyre," 1 

Jai Singh mixed in most of the trouble and warfare of the long period of 
anarchy that coincided with his reign; but he distinguished himself more as a 
statesman than a soldier and has been termed the Maehinvdli of his day. He was 
the founder of a new capital, named after him Jainagnr or Jaipur, which in his 
time became a centre of learning; lie erected camvanaarais in many of the pro¬ 
vinces ; and he built astronomical observatories at five of the principal cities of 
Hindustan. He conceived and carried out a scheme of scientific research that is still 
a notable example; and his influence is still a living one. The observatories he 
erected are, in the words of his historian, “ monuments that irradiate a dark period 
of Indian History. 5 

At an early age Jai Singh showed a predilection for astronomical work and, 
according to lvis own account, by constant study he obtained a thorough knowledge 
of its principles and tides. He found the astronomical tables in use defective and 
set himself the task of preparing new ones. With this purpose in view 
Jai Singh took every' means to ensure success. He attached himself to no 
particular school but studied Hindu, Muslim and European methods impartially. 
He collected astronomical books and had certain of them translated ; he organised 

r Thu year fa which NewWd AiVipto eoropUcU. 
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1 ASTRONOMIC.*!, OBSERVATORIES OF JAI SINGH, 

a regular staff of workers and sent some of them to foreign countries to collect 
information ; he invited certain Europeans and others interested in astronomy to 
Jaipur; he built a large observatory at Delhi and made careful observations there 
for seven years with a view to the preparation of a new star catalogue; and after¬ 
wards he built other observatories at Jaipur, Ujjain, Benares and Mathura. Such 

in brief were his astronomical activities which we now proceed to describe in some 
detail 


Astronomical Works consulted by Jai Singh. 

■■ f ^ ^he works of his predecessors and contemporaries there is evidence that 
Jai Singh was acquainted with the following: Ptolemy’s Almagest ; the astronomical 
tables of Ulugh Beg; some Treatises on the Astrolabe; La Hire’s Tabula* Aeirth 
nomicae ; and Flamsteed’s HhUjria Calestis Britannica ; also certain western 
mathematical works such as Euclid’s Elements, a treatise on plane and spherical trigo¬ 
nometry and on the construction of logarithms. This, of course, cannot be an 
exhaustive list since his valuable library no longer exists entire, 1 and it would be 
fairly safe to assume that Jai Singh collected and studied all the available astrono¬ 
mical works ; indeed it is recorded specifically that he procured from Europe, besides 
the tables of La Hire, tnose of earlier dates. 

(i) The book that held sway in Europe for a thousand years after its publi- 
cation and among the Arabs for a thousand years after its translation was 
Ptolemy’s Almagest. No other text-book that has ever been written had such a repu¬ 
tation. Jai Singh himself speaks of Ptolemy as one of the greatest astronomers, 
and one of his mast important acts was to order a translation from the Arabic 
of Ptolemy’s great work. This translation, apart from its intrinsic value, has a 
somewhat special interest: its title Samrdf SidJMnta ‘ the supreme text-book » 
has practically the same meaning as the Arabic title Al-Majisfi * the greatest ’ 
and as the Greek title peydX g ‘the great compilation,^ 

According to Garrett, 1 the Sam rat Siddhdnta expresses Jai Singh’s views on 
astronomy, and this, probably, is quite true ; but the implication that it was an original 
work composed by or for Jai Singh is wrong. It was written by Jagannath, one 
of Jai Singh’s assistants, who was quite unambiguous on its origin. He wrote : 
Grantham siddhUnta sanmljarii sajurat rachayati sphutam ( 

Tushttyai Srijayasimhasya JagannSthuhvayah kritl fj 
Arab! b hash ay a graiitho Mijastm&makah sthitah | 


G&nakanam aubodhaya girvSnya prakti kritah. |j 
Jagannath s introduction contains, besides the usual invocation, (a) eulogies 
of Jai Singh, with which are references to certain events of some importance/ 


)t ih«l S rng h Jai Sfogb*. nn rivalled library to „ nurtw, j t w M lhu * 

defied and ,ta tr,-,usury- di-lnbutcl rtwong her “ b*» rotative*. 1 ’ Thw would ae^nni for thy mewne* 
^ ! ! but ,h * f4b ‘ «** bear lb*, „f tn>th ' 

; J? 0- / s * m ******** a™ nr, c«/. r nB , Cotlt Dvbtin 

"VJS Bv lw “ A 8 “• « 
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(6) a List of instruments and (c) an explanation of the source from which the 
work was obtained, 

Jai Singh, Jagann&th says, was clever in exhibiting the new methods with 
globes and other instruments; and that, with the help of certain teamed mathe¬ 
maticians and astronomers, he had made observations of the stars. The instruments 
proper to an observatory are said to be (I) Nadi Yantra (sun-difll), (2) Gobi Man¬ 
tra (Sphere), (3) Digamsa Yantra (Azimuth instrument), (4) Dnkhahmo DigbMtt 
{Mural quadrant), (6) Vritta SbashtSmSaka (An arc of sixty degrees placed in the 
meridian) which, he says, “the y a van as call ehatoafkari,'* (6) Sarortt Yantra 
(Supreme instrument—an equinoctial dial), ‘ the licst among the instruments,' and 

(7) Java Prakus * 1 the crest jewel of nil instruments/ 

Then we are told (in the verse quoted in full above) that Jagann&th pre¬ 
pared this excellent Siddh&nta Samrij for the delight of Jai Singh, and that it 
is a rendering into Sanskrit for the benefit of mathematicians of a work in the 
Arabic language entitled MijdatV He also tells us ! that " in the Yavana country, 
the Yavana masters of astronomy, Abarkhas, etc,, found the maximum declination 
to be 23degrees 51 minutes l!> seconds; and that in Yuiuiti, 3(» degrees north 
it was found to be 23 degrees 51 minutes 15 seconds by the observations of 
Vitlamayus. Ulugh Beg found it to be 23 degrees 3n minutes 17 seconds at 
gumarqand, 3t» degrees 17 minutes north. By observation with this instrument we 
found it to be 23 degrees at I nd rap rust hn in 1651 Siilivhham.’ 

(m) Ulugh Beg’s astronomical tables were completed in A.D. 1436 and 
became almost as famous as those of Ptolemy, and they formed the basis of most 
subsequent catalogues. Flamsteed used them and so did Jai Singh, who brought 
them up to date. For details as to the use made by Jai Singh of Ulugh Beg’s 
tables see below (p. 8). 

(Hi) The Hindu name for the astrolabe is Y antra Rija nod Garrett snvs 1 that 
this “appears to be a very ancient type of instrument of Hindu origin," and 

also that “it appears to have been held in great esteem by Jui Singh as he 

himself wrote a book concerning its construction and use, ’ As a matter of fact, 
the astrolabe or Yantru Itdja is not of Hindu origin at all. The earliest Hindu 

work on this instrument is of the fourteenth century of our era, while numerous 

Arabic and Persian works dating from the tenth century onwards are known. 
The earliest Hindu work known is by Mahendra Suri and was written in the 
i,ime of Firoz Shah in Saka t292 or A.D. 1370/ and there are indications that 
it was used by Jai Singh, But Jai Singh did not rely on this work alone 

i t\e_. Ptolemy s Atnv*{p*t+ 

i Fmni tbv CafcotU Mr 1 - The ntnus iro ■omen-bat puzzling but A bark In- lr for Vithni*yu- L- 

tuT Ptokmw* By Vuisan po«JWj Rhode* U smut. The- date, 1661 Sltfrlhani i* equirmltfit to A. IX 172a. 
lndnpr^tKn IX-lhL 

a p, H- Miin* Cat. 8am. MBS- Attmr, p* 

t lTdi wort logYthrr with Mitlayomlti’e comMoieiy printed by the Pundit Sudhatar Ihltrdi ci 
In rbt Indie Ubrmry U a immiwcfipt 12906* 1638*! of ibis swk which ilwriJd by Egpling 

(Ca4d%w &rn#hr* MaumtfrifU, India OfiW L&mry. V. \K 1030- Xo- 2906 (23*3 |x 1031) a* 
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tqd , m latitude^ by Sifri Mahtndfa, the pupil of Madana SfW. list court of BhjigBpmS* 
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and certainly used some of the Arabic or Persian textbooks on the astrolabes, of 
which there were a great many available. 

Maliendra describes bis treatise as This scientific work, the good Yanim 
M/a, full of much variety and wonder causing, for the benefit of the people, etc.” 
It is "abridged, essence-like, exhaustive but very simple and delightful to the 
heart." He says (v, 3}: "Many Yavanas have also composed scientific works on 
this instrument, in their own language and according to their own particular 
understanding ’’ and, he continues, “ having found them like oceans, I now 
compose this work, like nectar, as the essence of them all,” He gives a list of 
thirty-two stars 1 and then (v. 28) writes: “ After freeing these stars of drik 
karma mark them on the celestial globe . This is a secret 

that has corue from the Yavanaa.” 

Mahendra s small star catalogue is of considerable interest because such 
lists are very uncommon in Hindu books and because it is taken from 
Ptolemy’s catalogue. The latitudes are exactly the same as Ptolemy’s in all cases 
but one, and the longitudes differ by exactly 18* 53' in all cases but six. 

(*>) Jai Singh himself refers to La Hire's tables (see page 14) and to other 
European tables, and in the palace library at Jaipur is still a copv of Flamsteed’s 
great work. 

P, de la Hire was a French scholar of repute who lived from A.D. 1640 to 
1718. He wrote many mathematical works and in 1702 published his Tabulae 
A stratum icae of which the first part had appeared in 1687. This work contained, 
besides the usual tables, a refraction tabic (which it is said Jai Singh copied) 
and a description of a machine invented by la Hire to show the theory of 
eclipses. Another ol la Hire’s works was ‘ Lu Gnomonique ou I’art de tracer 
des cadrans ou horologes solaircs mt toutea sorfces de surfaces, par differentes 
pratiques, avec les demonstrations gtkimctriques de tontes lew operations.’ This 
was published in 1682 and would have been useful to Jai Singh, 

(*;) John Flamsteed lived from 1646 to 1720. His Bietoria C&h&tu Britmnica 
appeared in 1712, in one folio volume, made up of two books, the first containing the 
catalogue of stars and sextant observation!}; the second, observations with Sharp’s 
mural arc. The complete work, consisting of three folio volumes, was published in 1725. 
Flamsteed himself lived only Jong enough to finish the second of the three volumes' 
The third was edited by his assistants Crossth waite and Sharp. It contains descrip¬ 
tions of the instruments used by Tycho Brahe, Heveliua, Flamsteed himself, etc.; the 
star catalogues of Ptolemy, Ulugh Beg, Tycho Brahe, the Landgrave of Hesse'and 
Haveiius, and, finally, the British catalogue of 2,935 stars. 

(ci) Undoubtedly Jai Singh possessed other astronomical works, but the only 
possible hints as to their identity are contained in the preface to his own catalogue 
where he mentions several astronomers by name. For example, he not only 
mentions Nagir-al-Dln al-Tiisi (born A.D. 1201) but also his commentator (AH 
b. If.) al-Gurgam. Na str al-Din was one of the greatest Muslim astronomers. 

1 Hihmdn'a tint in Appendix A. He give* the r*te of preertwn u M ewond*, tnii it 

may 1* noted that giv „ p j nlost ¥Xilc ,| y 3,053 y ear , f a|1 j ^ ^ ^ for 

ciUa tufinjAi 1 as A.D. Ill npprtuscirnfitply. 
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He made observation! at the Marfigha observatory and published the famous 
* Ilkluinic Tables,’ He wrote numerofia works on astronomy and mathematics, 
including commentaries on the works of Archimedes, Euclid, Ptolemy, etc. 

Coupled with Nash- al-Dln, Jai Singh mentions also Jamsltul Kashi (Jamshid b. 
MasTnJ b. M. Gijat al-Dln al-Kilshl), who was one of Ulugh Beg's assistants. He 
wrote several works on astronomy and particularly on the Kbiojani tables. He 
also mentions aUSufT (see page 10). 

(tm) Hunter 1 tells us that he met at Ujjain a grandson of Jai Singh’s 
principal assistant (? Jagniiftilth). “ In liis possession, he writes, I saw the 
translation into Sanskrit of several European works, executed under the orders 
of Jaisinghu, particularly Euclid’s Elements s with a 1 realise on plane and spherical 
trigonometry, and on the construction and use of logarithms which was attached 
to Gum’s and Comnmndine’s edition, In this translation the inventor is called Don 
Juan Napier ’ .... Besides these the Pandit had a table of logarithms and 

of logarithmic sines and tangents to seven places of figures, and a treatise on 
conic sections,'’ 

We are also told that maps and globes of the Feringhces were obtained from 
Surat.”* 


4 

Personal assistance rendered to Jai Singh. 


3. Jai Singh did not rely altogether upon information contained in books. He 
sent to Europe “ several skilful persons along with Padre .Manuel \ Muhammad 
Sharif " was sent to some place where “ the southern pole was overhead ” ; and 
Muhammad Mahdl was sent to the “ further islands. "" 

Confirmation of the expedition to Europe is found in the records of the Jesuit 
Missionaries in India. In IT:** or we are told : that Jai Singh sent Father 

Figueredo, a Portuguese Jesuit, to Portugal. Also the same records relate that on 
January 6th, t":M. two priests set out from Chanderaiigare to Jaipur,' at 
Jai Singh’s request. The account ’ of the astronomical work done by these two 
priests at Jaipur and on their journey was written, according to M, 
D'Anville, 10 by Father Boudier, one of the priests who made the journey. 


* is™* (Kwtmi of fA- Atirvuomiml Lab,*™ >i) Sinha, HnjoK of .1 jabber*, or Ja^aa^r. By 

w, Hunter, Afiiftlic Vh.L V., I700 P ju 300- 
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Observations were made at most of the important places through which they passed. 
1 . lie observatories at Delhi and Jaipur are mentioned but not those at Benares 
and Mathura, at both of which places they made astronomical observations, and this 
means that the observatories at Benares and Mathura were probably built 
after their visit, which took place in the early part of 1734. 

At the two observatories visited the following results were obtained 

Irtiigitmlp Lungituck" Latitude- 

East of Paris, Enat uf CJrf?i>nwidi + north. 

Delhi.75 3 0’ *= 7T° 20' 13' 28* 37' 

Jaipur.. . 73 s 50' = 76 e 30' 13' 26° 56' 

From observations of an eclipse of the sun made on December 1 st, 1732, by the 
Jaipur Pandits, Father Boudier calculated the difference in time between Paris and 
Jaipur as 4 hours 55 minutes 34 seconds east of Pam ( = 76 ° 13 r 43" E. of Green¬ 
wich} and Father Boudier hunself, observing the emersion of a satellite of 
Jupiter, calculated the longitude as 4 hours 55 minutes east of Paris (76* 5 
13" E. of Greenwich}, I 11 the Leltr&t edifiatttes et curieuses we read (p. 239) ; 
*'Les observations des satellites de jupiter out ete kites par le Reverend Pere 
Chaubil (? at Pekin) avec one lunette de vingt pied a, et par les Perea Jdsuites 
qui etaienl, en voyage avec une de dix-aept pieds .” 1 * 

This visit is of such importance as to warrant quotations from early works 
regarding it. We read in the LeUres edifiantes (p. 269 f.) : “ Le Raja d’Amber, 
Jussing-Savae, dont les Gazettes d’Europe firent mention en 1728 on 1729, au 
sujet d un voyage en Portugal, que le Reverend Pere Figueredo, Jesuits Portu¬ 
gal fit par ses orders, mourat en 1743 ... . €e Prince ayant demande 
ties peres Jesuites de Chandemagore, I’esperance de le rend re encore plus 
favorable aux Chretiens, en favour de qui il avait deja commence une Eglise 
dans sa nouvellc ville , 1 determine levir Superieur-General dans les Indes a lui en 
envoyer deux, qui pnrtirent de Chandemagor de le 0 Janvier de I’ansfe 
1734, et qui firent les observations geogrnphtques qu’ou va rapporter. C’eat 
tour ce que !eur a perm is de faire en ce genre 1 'incommodite des voyages en 
ce pavs-ci, sour tout torsqu’il faut les faire par tem, et leur mauvais saute, 
tous les deux devant leur retour ayant pens 6 mourir de maladic, causee par 
les fatigues et les mauvaises eaux qu’on eat oblige de Loire en chemin.” 

in 1775 M. D’Anville wrote* “ Get habile Astronome (P. Boudier} se ren- 
dant aux soilicRations d'un puissant Raja, nonmie Jassing-savae, fort curieux 
d astronomie et qui non content d’avoir fait construire un observatoire dans la 
ville de sa residence a environ cinquante lieues de Delhi, en avoit £lev$ un 

1 T!,t ' pATk ob*errato*y i> 0“ B' 80 * sw-s = T 20' 13 - 3 ' ¥„ ot Gn-tawfeb. Jaipur olwcmWonr i* 75’ 49' 
18-3' 1-1 ot Greenwich. while Delhi oWrvaUiry Ls 77" 13' 3' E. Tib- xoDmxiirstity rt-m-c) totitud« 
art Delhi 28* 37' 35* K„ Jaipur SC* 53' 27' N. 

tn the latter part of the Heventeenth century tier difficulty oi rlironmlic tbcmlion vras partially 
overcome by the e*e of very- long telwopfs—nfitn n hundred Ii«et or more. Th» led to - ^ 

eopen trilhout tube* of which la Hire in 1713 gave a description po^sililv Father Boudh-r'a „ 

m aU v>nr tif ifiU type. 

1 Jaipur iw built illicit A*t>. IT2&. 

1 Antiy lU pi&jrfifMjH' dr f/nefr. p + 0l>. 
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autre avec magnificence dans un de ccs faubourgs, & appele Jfis*ingpura, met 
3 minutes 40 seconds de difference entire !a hauteur rapportee au Paiais du 
Mogol et cet observatoire, cc qui donne un interval]* d ! environ 4000 toises/' He 
died about A,D. 179*2. 

TiefTentbaler, a French Jesuit, who landed in India in 1743, the year in which 
Jai Singh died, writes*: “J ui fait trois ou quatre excursions a Agra et Delhi, pour 
faire visite au R. P. Andre Strobe!, que Jessing, Raja de Djepcrar, curieux d’aatieiio- 
mie avoit appeli d'aUeimigne avec un compagnon. ,, 

The only other European connected with Jai Singh that we have information 
about, is a Don Pedro de Sylva, who, according to Hunter,* was a physician 
and an astronomer and resided at Jaipur with Jai Singb. De Sylva, it appears, 
died about A.D. 179:2* 


i rte&ription htsionptt U gktgmphiqui di f Indr* E<1 by J* BuniuuiHi, l£7ft Pnrfaoa p* b, 
1 p, 2ia 





Chapter II—JAI SINGH'S ASTEONOHICAL TABLES, 


4. The Zij hilihmntnrtd ShSht is a set of astronomical tables prepared tinder 
the direction of Jai Singh and named after the Emperor, Muhammad Shfih. 1 
Of this work, t found (A) an incomplete Uevaniigan manuscript at Jaipur, and (B) 
a complete Persian manuscript at the British museum. At first, B was supposed to 
be an original work, while A was said to be, not the Zvj Muhammad ShdhT itself 
but Ulugh Beg's celebrated catalogue brought up to date by Jai Singh and 
his assistants. 


5, (A) The Jaipur manuscript begins as follows ;— 

“ Homage to holy Ganesh. Catalogue of 48 constellations. From the time 
of Ulugh Begs table AM. 84] to the present date A.H. 1138 2 or 
297 years the mean motion 3 is 4 degrees 8 minutes. In the Zlj 
Muhammad Shahi the estimates of declination, etc., are taken from 
“ tlie globe. Eight ascension divided by six is apparent tinie.** * * ***** 

Two pages of the Jaipur manuscripts are shown in Plate ( (Figures t, 2). 
and l give below extracts 1 from the manuscripts together with a table 
of comparisons. The manuscript gives: <«) The numbers of the constellations 
and star numbers, end these in all cases follow Ulugh Beg's order exactly 
(b) The nomenclature, which is a translation from Ptolemy (through Ulugh 
Beg). In a few cases the Persian and Hindu names are also given, (c) Ulugh 
Beg a longitudes with 4°8' added for precession, (d) The latitude which in 
practically all cases is the same as Ulugh Beg's, (e) The so-called polar longitudes 1 
(what OeJambre calls ‘false longitudes’); this is the Sury* * Siddhanta method 
of indicating the positions of stars, but it also occurs in Muslim works, e.n. Abu 
Ah abHasan m the 13th century of our era calculates the polar longitudes 
for a number of stars; and the presence of these polar longitudes in Jai 
Smgh s catalogue is possibly due to Muslim and not Hindu influence. (/) Decli¬ 
nations, and (s) Right ascensions apparently read off from n globe, (A) Rj-ht 
ascension m ghatu and palm obtained from (g) by dividing by six." (A} Star 
magnitudes which seldom differ from those recorded by Ulugh Beg. 

The catalogue is no t an original one, but is Ulugh Beg ! s brought up to date. 

r*“V h ‘ l t' Si ° Bh *“ fhuBPn b - V *« «tom the cioacW. bui «k- 

bingh m Uve mover M I he moat obtained (hr f„r...ul <vmV.cn, l y 

" 41 ,m=A1X 1725 6 ' MU>,lro *“"-*»* ‘■-bri.H.a y c#nt . 

I. £0o H •Ui A- H. | 

* JJ 1 : jrs Tte "™ *»-• *• *• - *«-»- 

i txtrmela mv givi»n in iijipciidix A* 

* The pohr iMigilatk- is marked on the ecliptic by Ibc cm rk » of declination. that i*. the dfffcirnw IaIi t..tu 

i r'r* ^ ^ o« !*«** 

Hur wc »*»t»c!e«relwL Tbc polar latitude 3' (which i* n&t given in ihtt ilS.) fe, ilntUrty, the wri \k 

***** ** «« the ecliptic. Tin otanp of co-ordfo*.*, e« be nude by help of Z Wtojj 

formubp f.*> M -S^f.*0 *n A'=»a M. -* A' (»f) * Ax=(« A «# M. 

* fin pnbcsl ghntfcaM oiinuu-s-e dHpw. 
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The method of transference of co-ordinates employed was bound to lead to errors of 
certain types, viz., errors due to the graduations of the globe employed, and a 
greater apparent error in northern latitudes. The table has a special interest 
of its own and an interest in connection with Jai Singh's work as showing at 
least one of the sources of his astronomical knowledge. 


Extract from the Jaipur Catalogue. 


A 

E 

V 

ft 

E 

F 

O 

N 

I 




lAtttnd*. 

Point 

Longitude-- 

Decltaatjan. 

Rjjgfat 

Dt^roe*. 

Avchiton 
in ghat is 
And p&im. 

HiVntluJix 

VI 

t’flM •/* /Aif of {hr 

Crown. 

i * * ! 

• ■ 

i * # 

* ** 

• 4 

p* 


l 

Yt ity brilliant 

7 8 38 

-j-40 30 

7 24 0 

+ 28 0 

231 0 

38 30 

4 

2 

Beyond this , 

7 5 48 

+ 46 24 

7 22 0 

+ 30 IS 

220 a 

38 11 

4 

3 

Alwvo ihe Mcoml 
lu It m north- 

? 0 18 

+43 21 

7 22 40 

+ 33 5 

22U 50 

38 18 

4 

4 

The thittl to the 1 ’ 
ftu^t h at this. 

7 7 43 

+50 45 

7 23 0 

+ 33 15 

233 15 

38 53 

0 

ft 

Near U* the Inrgc- 
aUr to this suuth. 

7 10 20 

+ 44 27 

7 0 

+27 0 

m 15 

38 43 

4 

6 

Nr*r ihiaalitllfllo 
tho north. 

7 12 54 

+ 44 42 

7 20 30 

+27 0 

233 50 

38 53 

4 

7 

Near lo thi* thu 
ijith to the 

1 15 3 

+ 40 0 

7 28 30 

+28 0 

230 0 

30 20 

4 

8 

NrAf to number 7 

7 14 30 

+40 30 

8 0 0 

31 0 

237 30 

39 35 

4 



From Ptolteoy. 

Modrm 

njimo. 

FlMJM C'LrflU 

Bxo. 

-- 1 

Diftebk*?* 

HfctWF.EV 

MS T am> 
ULtUO Bbi. 

ftlTTXHE K?J( XKt- 
WXES MS, 

Ft AMBTnafc KEJ1UCXD 
Tft A- ft- 1728, 

1 

Lonjri- 
E Ui h . 

latitude. 

A long* 

A Ini. 

A IdQgH 

A hit. 

V[ 

Coram Borttiliti 


4 * 






1 1 

FutgvTiScaramqn&fi mint in conmA + 

5 « 

a 

7 4 34 

+44* 30' 

+ 4*4' 

+0 

+ IS' fl* 

—3*51*18' 

2 

Qua? omnir* istaS pnecfdil 

3 a 

7 1 40 

+48 24 

+4*8' 

0 

-i-sufir 

+ irir 

3 

Bnn»LiDf fjiiit bitam **(tntur. 

4 0 

T l 10 

+ 48 21 

+4 B r 

o 

—ira<r 

— 13'5|' 

4 

Sequent islAtn H bottdllior lM* . 

9 7T 

7 3 *0 

+ 50 45 

+4*8* 

0 

—as'sr 

+ 14'55 p 

5 

Quid fnlgtmlcffl * Efreridif sequllur. 

5 y 

7 0 28 

+ 44 27 

+3 P 53* 

0 

^l' 

—5*19' 

0 

Qll* isUm praprfm MNjnitur. 

in r 

7 8 40 

+44 42 

+4®r 

0 

—14 24' 

—ire- 

7 

Quj* puU i*uw rursuft acquit ur . 

13 t 

7 10 55 

+ 40 0 

+4 S 8' 

0 

—IMS* 

—0'28' 

8 

SnqutM cUQctnl quT in CorOGL* Hunt . 

11 4 

7 11 31 

+ 49 30 

+ 38" 

0 

— WiH m 

-MOTT 
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|> (B). The British Museum manuscript* beam the title XT) JadU Muhammad 
shahl (the new Muhammad Shah tables) and Raja Jai Singh Sawfti is indicated 
as the author. The work consists of three boob ; (L) On the current eras, 
namely. the Hijrab, the eras of Muhammad Shah, the Christian era, and the 
Sam vat era, (in) On the determination of the ascendants, (iii.) On the motions 
of the planets and stars and their positions. 

The first two sections follow Ulugh Beg and the third section is simply 
n^fi Beg brought up to date. The catalogue of stats is headed: 41 Table 
showing the positions of the fixed stars as determined at the Samarqand obser¬ 
vatory.” The catalogue gives («) serial numbers, (6) constellation numbers, (c) 
names of constellations and stars, (d) Longitudes, {<?) Latitudes, (/) Directions, to) 
Magnitudes according to Ptolemy, (A) Magnitudes according to Sufi f The total 
number of stars given is 1018 (Ulugh Beg’s number) and these are arranged 
in identically the same order as those of Ulugh Beg. The latitudes are the 

same as Ulugh Beg’s and the longitudes differ hy 4° 8', as m the case of the 
Jaipur A1S # 

7. The preface to the Xij Hviammad 3Mi is, from on historical point of view, 
perhaps the most interesting part mid is here given in full, 3 

Praise he to God, such that the minutely discerning genius of the pio- 
foimdest geometers in uttering the smallest particle of it, may open 
the mouth in confession of inability: and such adoration, that the 
Study and accuracy of astronomers who measure the heavens, on 
the first step towards expressing it may acknowledge their astonish- 
ment and utter insufficiency. Let us devote ourselves at the altnr 
of the King of Kings—hallo wed be his name—in the book of the 
register of whose power the lofty orbs of heaven are only a few 
leaves; and the stars and that heavenly courser the sun, a small 
P 1 ** of raoiie y in treasury of the empire of the Most High, 
lie had not adorned the pages of the table of the climates of the 
earth with the tines of rivers, and the characters of grasses and 
trees, no calculator could have constructed the almanac of the 
vanous kinds of seeds and of fruit which it contains. And if he 
had not enlightened the dark path of the elements with the 
orehes of the fixed stars, the planets and the resplendent sun and 
moon, how could it have been possible to arrive at the end of 
our wishes, or to escape from the labyrinth and the precipices 

From inability to comprehend the all encompassing beneficence of His 
pemer. Hi rp arch US is an ignorant clown, who wrings the hands 
_ i flIld hp the contemplation of His Exalted Majesty. 


1 Ricu'i Cntalogut of Ori**Jal 3138, ■* uh um tv r . . ... . , , „ , „ 

written in Xiurtnlifc wiili 1 TT«vrm mui a L-i i k " ' “ F f IT1i: ^ *y J J 12 Iii5im + 4} ineht'H long ; 

TV “v;; r;' rt .. (tWi «***- 

I., zfssx ** • ux Mi *- - - *-* «• . 

1 Hunt*. 4*. fir*, V. ft, ITS l. 
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Ptolemy is a bat, who can never arrive at the sun of truth : the 
demonstrations of Eoclid are an imperfect sketch of the forms of 
his contrivance ; and thousands of JamshId KashI/ or Nasik TCsI,* 
in this attempt would labour in vain. 

But since the well-wisher of the works of creation and the admiring 
spectator of the theatre of infinite wisdom and providence SawaE Jai 
Singh/ from the first dawning of reason in his mind and during its 
progress towards maturity, was entirety devoted to the study of 
mathematical science, and the bent of his mind was constantly 
directed to the solution of its most difficult problems: by the aid 
of the Supreme Artificer he obtained a thorough knowledge of its 
principle and rules. 

He found that the calculation of the places of the stars as obtained 
from the tables in common use. such as the new tables of Sa'Id 
GuxgAni 1 and KhAqAnI, and the Tasahilat-Mula Chdnd 1 Akbar 
Shaft ?,* and the Hindu books, and the European tables, 7 in very 
many cases give them widely different from those determined by 
observation : especially in the appearance of the new' moons, the 
computation does not agree with observation/* 

Seeing that very important affairs both regarding religion and the ad¬ 
ministration of empire depend upon these : and that in the time 
of the rising arid setting of the planets, and the seasons of 
eclipses of the sun and moon, many considerable disagreements of 
a similar nature were found—he represented it to his Majesty of 
dignity and power, the sun of the firmament of felicity and domi¬ 
nion. the splendour of the forehead of imperial magnificence, the 
unrivalled pearl of the sea of sovereignty, the incomparably bright¬ 
est star of the heaven of empire, whose standard is the sun, 
whose retinue the moon, whose lance is Mars and his pen like 
Mercury with attendants like Venus, whose threshold is the sky, 

1 Jitmshld to, Mu- fid tiijlt ftl-JJin r!-K anin wu one of Hugh Heg'n astronomers* 

1 Nagir JhI-1>ln nl-Tujii wzl* Im-ru A. I>. 1201. He workd nt the Mnr&ghli observatory ami published tin- fiimotlif 
1 f Ikhjlnfc Table*/ U# iTiuiriatcd Euclid^ Elements and Ptolemy's A fmnyrM. mod wrote many work? nn astronomy* 

4 .liti Singh write* in the third peimn, 

I Foraitoly AEi h M- al-Ssiijid al-Saril alCiirpird. who lived from JLD. 1330 to 1411 in Shirilx, ami 
wrote a commentary on Nmit Taldbr* Tadtim (See M. 8utt-r\ Ziit* Mttlhtmatikir **wt A*lmnwtun <t*r Amfar unrf 
Ihrt Wtribe, p, 172 ); tout < darglni wm a designation of Ulugh Peg'* family* ami Hugh Beg'i* table* were sometime* 
farmed the (iiirglnl cation [See L.1MLA. ^edfUnt^ FnM$omkn*A dr* TabUt ostrommufitt* d'Ofoug Be^ t px. xi*; 
a to* Ain-i-AlbaTi. (nij 2ft and 41 iJumll's edition) ; Albarmtiina, (j). 2tjl Ikir-ridge's Edition), ] 

II S liter [p. 951 mention* Dim al-KhfiqiFh an astronomer and astrologer, who died in AJl. 1©3S and wli* worked 

at improving lliejulmnumicAI lablo* Tb* KhAqlnl table** wet* soppfetnentary to the tlldiftiiie talk-* of Xasfr 

and were prepared and edited by JaiiiahFd al-Ku*hi. 

■ M Blnuliiun t-hAnd, thi? nut ro Eager. who wnw ^^9 of groat amitenrsA and thorough dexterity in the science 
of the ^truliibe. in ■ ht- scniUmiing of astronomical tabled the eouMruction of almanac* and the interpretation of 
the friar*, was deputed to be in n I tendance at the |it>rt*to ol the cupola of chastity in older that he might oWrvt- 
the happy time and awertain exactly the juried vi birth (of Akbar). He reportedin writing to the exalted camp 
t|*t according to altitude* taken toy the Greek Astrolabe and by calculation* l^aaed on the Gurganl tabtou, ete/ r 
(»4 HnrnniN/i, V6J, J* 09-TUt Ed, Bevrridgt), He iki eiuit th"* hofiw’dp 1 of JiihilDcir in A.JJ. 1570 according to tbo. 
Greek canon {&. u r 500-7* See ilao r, 56 and 374), 

r He is iK^sibly referring k> La Hire's Tabmttr Adrmtmkm and I'Umsteed 1 ? tftevrin CiritMi* Jfr ■ ruin far. 
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whose signet is Jupiter, whose sentinel Saturn—the Emperor 
descended from a long race of kings, an Alexander h, dignity, tbe 
shadow of God, the victorious king Mu^ammAd SsAh 1 : May he ever 
be triumphant in battle. 1 

He was pleased to reply, since you, who are learned in the mysteries of 
science, have a perfect knowledge of this matter, havin'* assembled 
the astronomers and geometricians of the faith of Islam, and the 
Brahmans and Pandits/ and the astronomers of Europe, and having 
prepared all the apparatus of an observatory, do you so labour 
for the ascertaining of the point in question, “that the disagreement 
between the calculated times of those phenomena, and the times 
which they are observed to happen, may be rectified. 

Although this was a mighty task, which timing a long period of time 
none of the powerful Rajas had prosecuted; nor among the tribes 
of Islam, since the time of the martyr prince, whose sins are 
forgiven, Mirza Ulugh Beg, to the present, which comprehends a 
period of more than three hundred years/ had any one of the kings 
possessed of power and dignity turned his attention to this object. 
Vi't to accomplish the exalted command he had received, he bound 
the gmlle of resolution about the loins of his soul and constructed 
here-' several of the instruments of an observatory, such as 
Jmd been erected at &tmarqand,* agreeable to the Mussalman books 7 
such as /nt al-ffalqa s of brass, in diameter three qaz 9 of the 
measure now m use and Zat al-Ska'batain" and Z*t al-Zaqatain and 
bad# Fakhn and Shamalah. 1 * 

But finding that brass instruments did not come up to the ideas which 


1 Miilmmnmd Sh&h rngni^J from I71S+I74& 

* Th\, tnm, Iwvr W« written Mo* 173# when Nadir Shih tucked Delhi. 

\ hi ^ mam l« be curkiiw vxpmEwn* for n Hindi* ro u» r 

* At IVILL 

* UV have very little information about the oWrvutorv -t a. 

, V Vl '* h ■**«■ ll " *8* M lhr«imtnjl of St. Soph *Dl fwlni jl oriwTfmT Jj* 
jmtnmomr o had »Uo .kvimd hup- iiutrtuneut*. J h \ ]> , m ..... , u - ‘ ' , 180 f“ 1 ' Thr ' "flw Muslim 

Jrr;r ^ ***■«*•" ** 't Q \ ***'** 

for n fuller urwuut of Mii-lim initrumeatu. ^ ^ ?■ C * M1 ' «» ■*» pa?c SI 

' ^ W“* f (sr « bihliogHiiliv of biiola on the natrntmhe Tkr« 
outnuKiniu-Hl iiwtnion.'nlB »r»ilil)li, ' " " numw>Ul> Arubio and Pontiun uorb on 

| A ™* ‘MHiruiuent, nnuillu. 'iduim nrmilUns- [Xalliim ii. ;{ 29 ) 

» ifL'lUt - Uf PeHmi ’ 5 hpr ! “ *■*-• ** W»fawt*ly. 

a\h lutfDiiH with E wr> niijsfl or i l> U i kr, *-•_ ■ . 

l«<fc la, iMU' (XaW*. I. M, In LtUm ... /A n/iwj" "* AMfetlinl 

innruim-nl (Suter, pp. £5 „„<j |g|. ’ ’ A J ri*»«a utiui wrote on i)u> »me 

?*,?***' - *P-M. "the Ytmau 

” 11,(5 Jai » called Aunt tab by Hunter 
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he had formed of accuracy, because of the smallness of their size, 1 
the want of division into minutes, the shaking and wearing of 
their axes, the displacement of the centres of the circles, and the 
shifting of the planes of the instruments, he concluded that the 
reason why the determination* * of the ancients, such as HIPPARCHUS 
and Ptolemy, proved inaccurate, must have been of this kind. 

Therefore lie constructed in Dar al-Khilafet Shah jahSiiahiUl* which is 
the seat of empire and prosperity, instruments of his own inven¬ 
tion, such as Jai Prakas and Ram Vantra and Sam nit Yantra* the 
semi-din meter of which is of eighteen cubits and one minute on 
it is a barley com and a half*—of stone and Ume of perfect stabi¬ 
lity, with attention to the rules of geometry and adjustment to 
the meridian and to the latitude of the place, and with cure in 
the measuring and fixing of them,so that the inaccuracies from the 
shaking of the circles and the wearing of their axes and dis¬ 
placement of their centres and the inequality of the minute* 
might be corrected. Thus an accurate method of constructing an 
observatory was established and the difference which had existed 
between the computed and observed places of the fixed stars and 
planets by means of observing their mean motions and observations 
was removed. 

And, in order to confirm the truth of these observations, he constructed 
instruments of the same kind in Suwai Jaipur, Muttra and Benares 
and Ujjam.* When he compared these observatories, after allowing 
for the difference of longitude between the places where they stood* 
the observations agreed * 

Hence he determined to erect similar observatories in other large cities 
so that every person who is devoted to these studies, whenever 
he wished to ascertain the place of a star or the relative situation 
of one star to another, might by these instruments observe the 
phenomena. 7 

But seeing that in many cases it is necessary to determine past or 
future phenomena ; and also that in the instant of their occurrence 


* Gf* AlHfltrmi ChroHotoQyQf Antktti Salim* (p. 11J, who writes: Jl is impnfefibl? to fix the port* of tho jnvatent 

cirdu by nuuuu of the pula of Mui Hmnllcai circle* I refer to the? nwlhitw of tb instrument* of ohsenrafictti in com¬ 
parison with the wtHH® oF the bnclfc# which are to be nlwfi J H- Un thin *ubjet!t 1 hutre rciljir^-tl in my book vnUud 
JTiMfrtdf-idtt'AiAurf biHUL^f-al L,P*E*A, billot [|x exstsj pvm the following inu-iwttng quotetkifil? 

H Si j'AVAift pu. slteiil ERin-Cir|i» flirt tin twin qui y'nppuvtil (Tun cote sur lea htnrniili-j. etda l H autre aur Ip moot 
Moeattam, je I'Aurais Ink ; ear plus rirntrumeot cut pmud. plus lea openttfoot jti>te*. ,+ 

* ifci Dulhj. 

* St# below p, 36 R*q. 

1 To make l hr mrttiiurcrumU fit. the cubit used mm i bim* hoeii * \nry p lingula*. 

1 This LmpJiin ihal tin IXlhi OWrvatury whj raiupkled before the other* •wen- atmtocU mad tbit itlJ of them 
were built before the pn-fu.ee in written, Thin diten tbo preface alter !7.’M and pL-rluipn after 1737. rSce p. (fij. 

* We muit accept (hear Htateimenta ah out perfect AgreeDienL with flame caution* Wu bare Tery few records 
of ^Thj Sixigh'a actual raleiilalbin or oWmfiorci : hi* nftfe for pr«f«#wn was GHi* a j«r ami f ir the obliquity 

2F a 

1 The project of building obscnntorkfl at otfovf place* wjia never car.nd out* 
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cloud or rain may prevent the observation—or the power and 
opportunity of access to an observatory mar be wanting—he 
deemed it necessary that a table be constructed by means of 
which the daily places of the stars being calculated every year 
and disposed in a calendar may always be in readiness, 
hi the same manner as the geometers and astronomers of antiquity 

bestowed many years on the practices of observation—thus, for the 
establishment of a certain method, after having constructed these 
instruments, the places of the stars were daily observed. 

After seven years had been spent in this employment 1 information was 
received that about this time observatories had been constructed in 
Europe a and that the learned of that country were employed in 
the prosecution of this important work: that the business of the 
observatory was still carrying on there and that they were constantly 
labouring to determine with accuracy the subtleties of this science. 

For this reason, having sent to that country several skilful persons along 
with Padre Manuel, 3 and having procured the new tables which had 
been constructed there thirty years before and published under the 
name Lir, 4 as well as the Europe tables anterior to those.* * 

On examining and comparing the calculations of these tables with 
actual observations it appeared that there was an error in the 
former in assigning the moon's place of half a degree. Although 
the error in the other planets was not so great, yet the times of 
solar and lunar eclipses he found to come out later or earlier 
than the truth by the fourth part of a ghati or fifteen fatas? 

Lie nee lie concluded that, since in Europe astronomical instruments 
have not been constructed of such a size and so large diameters, 
the motions which have been observed with them may have 
deviated a little from the truth. 7 

Since in this place by the aid of the unerring Artificer astronomical 

The chrtifmloEy m very ttnmiitta* Delhi QWmiLury w*h. court meted pm bah [y about 1724 and t he tabkft* 
it i* Mid* wen* On idled ill 1728 ; but them k evidence llink lends u* to the eondusion thnt this preface waa written 
EflEt-r- (See (i. l^) 

1 Umnlhorg {Tvchu Brahe's observatory} in 1570 : Leiden 1632 \ Park 1607 ; QreeawSch 1675 ; Berlin 1705 i 
Hi. Petersburg 1725 ■ l_'p*ala 1730+ etc. 

* In I72a or 1729 I be RciToreod Father Ffguerotlo, a Portuguese Jesuit, went to Europe by (bo order of J&i 
Singh. Powbly thk k the *amv man. Set* LitfrtA tdifittnli* ti cun>N^, IV, 269. 

* Li JIin.:"n Trr&nfdr Aifronttmkir was published in 1702; see p. 4. Father Boudic-r, who went to Delhi and 
Jaipur in 1734+ *ottinBy refer* to this edition. Mr write* = “ En servant dr la metbodv de J1 T de Jn Hirr, editkm 
dr Be* tables 1702; page 53. on a ! reave que le commencement de F eclipse i IXI hi, loraqu'ii elait I Rome 11 bcure* 
40 minnies 56 seconder du matin, *4*,/* LeHrt4 t ctc + > xv* 26§ + 

* We know tlmt, b n sM w Hire'* tablet, J*i Singh pos^et^ed High* of Ulugh Bi g and Fb in* Iced, The latter 1 * 
work ciralain* also the tablets Of Tychu Brahe, the Landgrave Hesse, and Meveliua. Other possible tables on? I he 
Jofetoii TtfWr ol lOflll: the AlfcnMn* ToMw, 1252 ; Hein hold's Pn^ma* Tahiti 1551 * KepleFa Rwdoiphinr Tables* 
1027 ; C^inis table*, 1666 and 1693 ; M alleyk Inbk-s, 17 ill; ete* 

* 00 paJi»=l fMi=24 mmulrt, and 15 pnte* i=6 minutes. 

1 The iualrtittmta ntted by Flamsteed (1616-17111} were an iron ju jttanl fi f»t radio* ; a three-foot qii&dmni ; 
a moral w ill 140 d ig ro * nod rndiua 7 f«t* 1 divided with hitherto ntmppranched accuracy,' and with which all 
hk mod valomble work executed; two docks and two febeeopts. For funhrr particular* of European 
in*t rumen ts* see ^ 63- 
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instruments have been constructed with all the exactness that the 
heart can desire and the motions of the stars have for a long 
period been constantly observed with them, agreeable to observa¬ 
tions mean motions and equations were established ; he found the 
calculation to agree perfectly with the observation. And although 
to this day the business of the observatory is carried on, a table 
under the name of His Majesty, the shadow of God, comprehending 
the most accurate rules, and most perfect methods of computation 
was constructed—so that, when the places of the stars and 
the appearance of the new moons and the eclipses of the sun and 
moon and the conjunction of the heavenly bodies are computed 
by it, they may arrive as near as possible at the truth, which, in 
fact, is every day seen and confirmed at the observatory, 
ft therefore behoveth those who excel in this art, in return for so great 
a benefit, to offer up their prayers for the long continuance of 
the power and the prosperity of so good a King, 1 the safeguard of the 
earth, and thus obtain for themselves a blessing in both worlds.* 


* .Mubuniiuiui Shall ilka] in A.D. I~4S #te viur, liter the death ul Jni Singh. 

; jherc arc Borne pointa about the prefaces that ah? no* quite conriateiit with each other and known 
locti-r Tin- tradition is that the Z\f Mtt$awm&4 g£tlkl wm completed in A.l>. 1T£8 and thU ito, to hobw 
cot, ^nJlrnied by the Jaipur M$.; the preface wm written «L'iue llwn niter oil the obftemfoi»a had 
b«0 buEIi* that ia alter 1734 r and H more thjui 3lKi years * p niter (the death of) Ulugh Beg ll + high 1% 
died in _A.H. and S53+SW^=ll«3 il A,D + 1740*1). The legitimate wolmbn i* that the prate* 
wa ^3 writ tea some ctmPiidoral'ple time lifter the tabled had kfii fsemjiJptcdi 

In 1 Mr* Garrett wrote of the Zij Mu^mmad £j«Ai : ,b I have ku unable to procure the Swudrrit 
original or men a vernacular copy' 1 and M up to the present lime the only copy o! Jut Singh'* Mironomiewt 

rabies, or Z&dk Makmmrd 8*ahi t which ha* been nbtaiaed i* a book in Fcramn ehar*cti ti + ^ . Uafor- 

timatcJy moat of the figure*! arc written in b kind of cypher* and a]though the Itey io this bun been 
found„ the thorough examination of thi* work will pm-juuirily pttr D a long and ktarictM talk" (gpi iBn. 
and 7-1The BrilL*b Museum Fenian t& in ercelknt condition and although the tab lea arr, of eoune. 
in the rifyqrf miration, there would be m difficulty in tranalatiog them* 





Chapter III—METAL INSTRUMENTS. 


8, Jai Singh himself tells us that he first constructed ‘according to 

Mussulman hooks * inst ruments of brass such as Zdt al-Halqo, Zdt al-Sfio'batain, etc., 
and at Jaipur I found a unique collection of such instruments, including 
Arabic and Persian astrolabes, dating from the time of Shah Jahan. 

These instruments play a very important part in Jai Singh’s work ; to 

appreciate which a proper understanding of them is essential Enquiries 
in other parts of India resulted in the discovery of an excellent astrolabe in 
the Indian Museum, Calcutta; and one of rather inferior workmanship at 
Lahore. Tod tells us 1 of a dial “ on the terrace of the palace of Oodipoor, and 
various instruments at Kotab 2 and Boondi, especially an armillary sphere, at 
the former, of about five feet in diameter, ail in brass, got up under the 
scholars of Jey Singh/’ At the Lahore Exhibition of 1864 certain brass 

astronomical instruments from Kapfirthala and other places were shown ; these 
included w two fine astrolabes,” one spherical and one plane, and several dials. 

The metal instruments actually examined, most of them at Jaipur, were 
as follows :— 

A. —Astrolabe. Diameter 13 inches. Seven tablets. Jaipur. Figures 5 

and 7. 

B. —Astrolabe dated the 31st year of the reign of Shah Jahan and A.H- 

1067 (—A.D. 1657). Diameter 13 inches. Jaipur. Figures 6 and 8. 

(X—Astrolabe. Designed by Muhammad Amin bin Muhammad Tahir and 

engraved by ’Abdul Aimmali. From Herat. Diameter 73 inches. 

Indian Museum, Calcutta. Figures 9, 12, 15 and !«. 

D. —Astrolabe. Diameter 6 inches. Jaipur. Figures 11 and 14. 

E. —A ZarqSli astrolabe dated the 23rd year of the reign of Aurangxib and 

A. II. 1091 (—A.D. 1680). Made for Nawab tftikhiir Khan bv a 

certain Zia-al-Dm. Diameter 2 feet. Jaipur. Figures 19, *20, 21, 22. 

F. —Astrolabe. Brass, 43 inches in diameter. Lahore Museum. 

G. —Hindu Astrolabe, Diameter 16 inches, Jaipur. Figures 26 and 27. 

HJai Singh's iron Yantra liaj. Diameter 7 feet. Figure 28, 

I. —Jai Singh’s brass Yantra R&j. Diameter 7 feet. Figure 29. 

J. —£/«««**mfa Yantra. A graduated brass circle, 171 feet in diameter. 

Jaipur. 

K. — Chakra Yantra. There are two at Jaipur 6 feet in diameter and 

one at Benares 3 feet 7 inches in diameter. Figures 57 and 65. 

L. —Krdnti vritti Yantra. Jaipur. Figure 58. 

M. —Hindu Astrolabe. Jaipur. 

N . —DhruvaMrmna Yantra, or ‘ Circumpolar instrument ’ Jaipur. 

~~ ‘ v*i. it. 369. -- 

* See M for ». account of luiiiwtriumut pw*-ni«l by the Itajih of Koluh to the Uov.mment of 
India* 
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O. —■Armiikry sphere at Jaipur* One also at Kotah. 

P. —Arabic Astrolabe. Brass, 5'7 inches in diameter. Delhi. 

Q. —Persian Astrolabe. Brass gilt, 3'75 inches in diameter* Delhi. 

li,—Hindu Astrolabe. Copper, 7 inches in diameter. Delhi. 

Of these it is possible that all except * C ’ belonged to Jai Singh and it 
is pretty certain that a number of his instruments have been lost (e.g., see 
page 31). The most important are A and B (which, for convenience, I 
term ‘Jaipur A’and ‘Jaipur B ) and the ZarqillT instrument B. ‘Jaipur A‘ 
and * Jaipur B ’ are of extremely fine workmanship, while E is an interesting 
example of a type hitherto seldom described in detail in European works. 

The Astrolabe. 

9, 01 thc^e metal instruments the astrolabe appears to have played the 
most important part in Jai Singh's work. Indeed in the middle ages the 
astrolabe was one of the chief astronomical instruments. The Arabs perfected 
it at a very early date and it remained one of the principal astronomical 
instruments until about the 17th century, nud is still used in the East for 
astrological purposes. It was usually of brass 1 and varied in diameter from a 
couple of inches to several feet. The mariner’s astrolabe (as used by Columbus) 
was adapted from that of the astronomers about A.D. I I80, but was superseded 
by Hadley's Quadrant of 1731* The famous scholar Gerbet, who afterwards 
became Pope Sylvester If. had such skill in making astrolabes, etc., that he 
was supposed to have sold his soul to the devil. There are many references 
in mediicval literature to the astrolabe. More than three centuries before Jai 
Singh, Chaucer wrote his Treatise tm (he Astrolabe . " Trust well," he says, “ that 
die the conclusions that have be founde, or else possibly might be found© 
in so noble an instrument as is an Astrolabe been itnknowc parfitly to any 
mortal man in this regiouti. as 1 suppose. 5 ’ 

10. The type of astrolabe principally used by Jai Singh was the flat 
astrolabe or astrolabia »i plani&phaerutn, in Arabic called Zat ai-f$afd'ih ( Consisting 
of tablets') like ‘ Jaipur A ’ and ‘ Jaipur B,’ to which the following description 
particularly applies, 

The corpus aMeolabii is a circular disc with a raised edge into which fit the 
several parts of (be instrument; 

(i) The containing disc is termed the mater 1 (Ar. umm) and the inner part 
of this is the venter. 3 while the raised edge is called the knffa or rim. 4 The venter is 
often inscribed with latitudes and longitudes of important cities, (Figures 13, 
14 , 15.) _ 

* Gower refer* to one of gold “ With him to* aalrolabe he name, whir* was ol fine gold prwioiM, 
With [n,int“ and cirvfo ninrveilloIX," 

The Graiadft wUrokhe tle.rrfhed hy H- S- Cooper {JRAS 100*. 53f) h*i« «iiver knoi* on wh pointer 
of the ‘oa&M/’i in the British Miuemil arc several inlaid with silvery and ill here evidently had aOUM Ktrl of 
jawvt fixed in the hni (see fig, 12}. Gilt instruments tin- not uneoimnon. 

* Moder, mother, rntiila. 1 AI*o no;* or fore. 

1 AUo nailed HargiLabrLttu or LiuipUiii, liajra (aide} etc. 
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(fr) The ‘ ankabut or aranm 1 is an open-work disc marked with the ecliptic, 
the signs of the zodiac and a number of stare. It is placed in the venter 
and can be revolved. The branches on which the names of the stars are 
written and the points of which indicate the positions of the stare are termed 
shazaya oT ‘splintered The pointer at the top of the ‘ankabut at the firet point 
of Capricorn is termed the muri or index, 3 (Figures 5, 6, 9 and 10.) 

(?^|) Several thin discs or tablets, 4 mailed with akrntcaitfarats* azimuth circles, 

hour circles, etc., for various latitudes, etc., fit into the bodv of the astrolabe 
(Figures 17 and 18.} 

C<) The alhidade or* lighter revolves round the centre on the back of the 

rr f;*? “ rm „ has 3 P erforated »“■* or * tile. ' Which is sometimes hinged on 
° , *“«**«. European astrolabes sometimes bad another marker or label 8 

without sights for use on the front of the instrument. (Figure 7.) 

(e) The tablets and alhidade, etc., are fixed together by a pin {Ar outb r ) 
which is fastened by a wedge termed by the Arabs /a«w or 4 horse/ and often 
lashluned into some resemblance of a horse’s head. 11 (Figure 24 } 

(«) n. «U, is upended by . Hug (Ar. Mp) joined to the ■ m j or 

t,“", t “ 7 *“, T " riVete ' ,ie P r, ‘j ec,in « P=rt. h,r,i or throne, of 
the mater. To the halqa was sometimes attached a cord (Ar Ham) 

(on) Tho back of the astrolabe |«, a l- a , L „ M) in caSRi ^ „ 

f*“ l “ f .*™ e ;. t " , '“ upper 'l" ailran,,i and “rtain shadow scales. It i a often 
inscribed with table, ol „ s e to tbc astrologer a„,f geographer: toe details Z 
greatly. (Figures 7, 8, 11 and 12.) 7 

The sight or and graduated circle (fig. 7) on t he beck of the astrolabe 

inTl I wV- the^ instrument used n, actual observation; while the ■ tablets' 

T d ^ t ?i ( ' ,' lch retata, > ■* thc gtodiiated circle on the raided ed»e 
ih !l«) of the ,mter form a very efficient calculating machine. * 


The Tablets (SapAih). 

11 Tte ordk «y d ^ or ‘ tablet * i s marked on each arf* w , t k , 

r 

* Ale,, -fetetoA, l*L rrtr ; Alancal.uth J Vclvdhim. vti? . ^---- 

i tr nectlW ^ fHc 4 r | e 

.. Alwnry t. 

; *. Wi- 4 . Ty „ p .,„. Tabula 1 >• “■ 

* irtuJ, pr^jrt^itmum \At. maqa*lmtiU± 

«lhi,hMl,r Hum: - Altiind* 1 or ** Tfla “ r ih, 

til- ™ m ihr A.y anti „f the ,ia„ n , niirtit „f wUrf ' 7 ^ **"* ° r ***** fo tfl ^ Uk hefcht .,f 

* h ^- *■ ^ 

“ OnIi-Aw. ililies, labile Hiw, etc, 

MShfc ^ 

»l B*ttSnt I, 3JS, ^ M - Work - »*» *» ^gc 63 ,rtJ figWt rifi : atvJ 
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ASTRONOMICAL OBSERVATORIES OF JAl SINGH, 1 * *)- 

The a Ihluc&ij karats are circles of altitude, 1 the almucaotarat of zero altitude 
being the horizon (EHIt in plate V)* In the diagram almucantarats are 
draivn for 60% 40°, 20* {us well a* the horizon, 0*) and are marked fi&. 

The number of dmueantamta varies in different astrolabes : if there is one for 
each degree of altitude, the iuatniment Is called tdmm or 1 complete’ ; if for 
every other degree, it is termed m>/I, ' bipartite ’ and so om Jaipur A and B 
(figures 5 and 6) are Idmm or "complete 1 ; Herat C (figures J7 and 18) is ni$fi; 
while f Jaipur D ' (figure 10) is sudsl or sexpartitm 

Azim uth lines are drawn at right angles to the alxnucantarats.® These are 
seen in figures IT and 18, and in plate V portions of certain azimuth circles 
Zja, Z^, etc +t are drawn. In some tablets these azimuths are continued 
below (to the north of) the horizon. 

Temporal hours* The temporal or unequal or planetary hour lines are shown 
ill figures 17 and island in plate V by the broken lines t v f tp t t etc.* They 
divide the time between sun-rise and sunset into twelve equal portions and 
therefore vary in length from day to day. These divisions of time gradually fell 
into disuse (see page 87), and equal or equinoctial hours were introduced. These 
are shown in figures 18 (but not in figure 17) and in plate V they are marked 
e, Cp & €o t etc. 

Houses.—The tablet is sometimes divided into twelve astrological * houses/ 
The boundary lines of these are seen in figure 17 and in plate V are marked 
Hh'jy At etc. 4 (See appendix B.) 

Longest days and latitudes*— 1 The latitude for the particular tablet is 

* Let A BCD (Piute V> reprint th« tipple of Capricorn and CA the meridian. rmd let the *rv 

AF mceetm the obliquity of (ho ecliptic, then the point S on the inter^mioii of BF ftn ti AC is oo 

the equator and 8B&IY rtprmntfe the cqtuilor, E being the ca*lcm point. Sfrnflarly by dnaing O* 

pwndlel to OF w* gei « p thi- Boutlnint point of th- tropic of Cumvr mid r rf the diameter of iV ecliptic. 
The angle* BL and Wl^ rouowbi the latitude i$) of the place, and by joining IF ami LjE we get Z, 

the £enaih, end //* the* meridian pain! on (he barium. Tttc opfnrite point on the horiron i» wbfcfr £7, 

{-♦) mrnte the taefidmo Hoe NB produced, Tn obtain & circle (jilmnc’iLTiiiLrfltl for altitude d, murk off 
&ngh L * Jhk° 3 from S. the wmlti point of the equator, ( po t lEJ t e direction .V IF) and join both threr 

point* to A\ the oast point on the equator i the dJitanoe between the point* mtrrwpEvd oil the meridian line 
NS is the diameter of the circle of altitude «, 

* In the diagram NL^^BL •$, the latitude of the plate, and £/ ( cut* the meridian line NS 

in tb* nadir n. The horizon l* graduated by joining the zenith Z. and the graduations on the equator, 

and each azimuth circle pomp* through the Etiiith* nadir and the point on the horizon to which it \ kt * 
tain*, while the centre* of the azimuth circles lie on the lice jMiralhd to A H nnd bisecting Zn, 

* To draw the temporary hour circles. divide tbe dny portion (that is the jioftinn the horizon 

in the diugratu) of each of the tfart^ circle*—the tropic of Capricorn, the i^nator, and the tropic of r,a 

cor—into twpJve equal patfs and draw dreks t x t %r l % f t * te, # through coeh trio of cno^poridifig; pans. 
For the equal bmirs dmw through A\ the cento of the circle of the Rkorixw* a circle eoneentric with the 
equator and iropioB- Graduate this clrck ai int^rv.i]# of degrevt aiarling from the wuith jjoint nnd 
proceeding wiifiis. With the stmth point ajad in auoecflaton the other |«>inta of ftrrvluaikm as eriitnv, 
and riuliuA equal to the r.uiius of [he horizon draw area fie., from thr aireJci of Capri^ 

corn to that of Cancer, (Th*urrs will puM thpjugh the equal Elhkion^ ol thi- equator, aJreadv Tnarki-d 
for temporal hour^) Tho raralt of ltd* eointnietion is that any point on the ecliptie T the * finkabrt U 
rotat'd, from one equal hour lino to another in one twenty-fourth of a. remlution. 

4 The IlnL-a that divide the hoitora paiw through ff and Af t , rhe |Mont- common to the horirofi and 
meridian* and pointy on the Equator At intervals of 30 degrees atarting from the Ka-.( and Went liue. 
The'ir centres lie on the lino that pa-w* through X \ih e centre of the tiirrlr of ihu horizon) and is paralVf 
to (he East and West line. The poiutd of inlnrycctinn of tk'^e hou-. Hon with the Ecliptic otv tennrd 
co p , (For further dmiK to* p, \$) mid Stoker, Elttcidalie fohritt £ {j.*trr4nbii 1S24A 

e 2 
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generally written just below the ufk or oblique horizon, EWH, on the right of 
• he meridian line ; while, in the corresponding place on the left of the meridian 
the length of the longest day of the year for the particular latitude is generally 
given. In figure 18, for example, we have 


ilemrs 

Latitude 

13 47 

28 


1,1 w,1Mf ine name oi & city is also given. For example ‘ Delhi R ' has 

“ Avamtikayum 22 ” and “ Amod&vad 1 23.” 

(eii) Kfx’cial Tablets .—In the ordinary astrolabe the number of tablets 
varies to as many as nine—not counting the ‘ankabQt. Generally one is a 
special disc for horizons on one side and celestial co-ordinates on the other and 
occasionally there are other special tablets: the rest are the ordinary tablets, 
already described for several latitudes. 

Horizon*.—The tablet of the horizons (al-Safi^at t&4faqiyah) is shown in 
figure 10, The horizons are arranged in four sets—one set in each quadrant 
consisting of six or seven horizons—and below each of these sets are two 

scales termed al-mml al-hdfJ (shamdll or janftbl) or the total obliquity (northern 
or southern). 1 7 

Ankabutco-ordmates.-On the other side of the ‘tablet of the horizons’ is 

gct.emlly the tablet of the latitude of the complement of the total obliquity ’ 

. 115 t ™.": V S™ the ""ordinates (longitude and latitude) and by L aid 

"" P °fT “ 5t “ rs "" ,he ,aakabiit he at once read ofi Morley 

aeetrn to have thought * that this «, au otdiuary tablet for latitude 06.1“ ± 

hot it * quite rightly described aa Sa/Uak vwa» aWmkulU. • the tablet of 
te mea-uje of the ontahat. It oceura in most of the astrolabes I have Mummed, 
(«) Lahore Museum astrolabe has a tablet lor the latitude of the equator 

^ m t S " T ht MiKide a ” d t,lis *“ » * 1 ** 

t ' . lat.tud.’mrfuf^Ml^ub-ardiuh, ‘the east no latitude' 

Belou the horizon are concentric semicircles which appear to be circles at declina- 
,on:a sundae tablet , in the • Ddhi Q • instrument." Another carious T, to 

i.ti ZL w xlT* u'T ni!p ss, , n ’ l “ be tdcxrM below *• 3,) and is ** 

North. [ t has engraved upon it only the three circles and the 

Thc"[“r r offi. r'l fmneon,y n " Mi *- r being • 72) . 

‘ hP WWch * n,UKhI > ** 10'. Thr ktitmU- of Alni^tWj isapp^'. 

Of th„ .tdwT SSLTt^- h<lV " **** Uwd IoT lhc 

* Motley (pp. |*_uf t Il“ m tb « *™<Kl c#«. 

I") Ote hdanga to Um India Qfto. “ n ' J &'"* (XX, 17, IS and 

timer B:tads MtfoUbd. L 10 the V “* Mtrol»bf. the third to il*. India 
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In an astrolabe (Delhi Q) that was shown to me in Delhi there are two 
-other types: (*) a tablet with co-ordinates for latitudes 30° (1 a b 50“} and 28 s (I3 6 
46”) engraved on the same side, and a similar one for latitudes 40 {I4 t< dJ"*) and 
02^ ; (/t) a tablet split into two halves along the meridian, for latitudes 32° 
(U a 6“) and 36° (14" 2<n. 

12. * Alika but (arama) or sbabakah (rete), The ‘ ankabQt or ‘spider’ is an open 
work tablet so arranged that the one below it may be conveniently seen 
.(Figures 5, fi, 9 and 10). It exhibits a graduated ecliptic circle* with the signs of 
the zodiac and a number of the more important northerly stars. The points 
(sAnjdjtf) of the net work indicate the positions of the stars, the names of which 
are engraved on the branches. The number of stars varies with the size, etc., of 
the instrument. The small Jaipur astrolabe {D) has 25, the Shah Husain 
instrument has 03, etc. 

The ‘ankabiit is generally the most ornamental part of the instrument; it 
is sometimes inlaid with silver j Jaipur A shows the forms of the constellation 

animals, etc. The ‘ankabut is not used in a fixed position like the other 

tablets, but can be rotated and thus is employed, in combination with the table' 
placed below, foT finding the position of any star at a given time, the ascen. 
riant or 11 horoscope/ the time and length of the day, etc., etc, 

13. Back of the Astrolabe (Zafir Qt~A*turttib). 

The back of the astrolabe is usually covered with a great deal of information, 
useful principally to the geographer and astrologer. The several instruments 
differ in detail, but the general arrangement is much the same. The contents 
may be roughly classified thus 

(n) The upper half of the periphery Is graduated into degrees, etc. 

(6) The South Blast quadrant s consists of a graphic table of sines, 

(c) The South West quadrant' is inscribed with declination graphs, etc. 

(d) Shadow scales (lower periphery and central rectangle). 

(e) Tables of signs, mansions, planets, terms, faces, etc, ; generally con¬ 

tained in the inner semicircles of the lower half of the disc. 

Special tables contained in rectangles such as: 

(/) The times of the rising of the signs (In the centre of figure 8). 

( g ) Trigons or triplicates and their regents (In the centre of figure 12 and 
right of figure 7). 

(A) Table of climates (Lower part of figure 7), 

(i) Differences between true and nominal years (Left of figure 7). 

(o) The periphery of each of the upper quadrants is graduated into degrees 
■commencing from the east and west points. In ‘Jaipur A’ (figure 7) the degrees 
are divided into quarters. In conjunction with the alhidade or sighter these 
graduations were used for measuring altitudes am] other angles. 

1 The dsa muter t>i the ecliptic its fcbc dbtniicc Cs or ,-lt # tPJair V) between lN Ui1*p4<efci0n« an 

meridian linr X S of the tmpiea of Capricorn and Ounccr* The pdutkmi. of the ecliptic lie Qn xhc 
line joining thi- pel t of the ecliptic to Ih oom^flpoDdiftg gTvdtttlionn on th- equator. Tbt jiolt of ihr 
-equator te, of oouuse. At the centre of the dim?, white the pole of the elliptic ut nt & diMnnce- ftpni the 
pole of the equator equal to the maximum declination (approximately Is is doiiLctinHfi marked 

QuiUb al-buruj, 

* The iioulh point i« *t the top of the disc. 
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(6) The ‘ quadrant of sines f occupies the south-east quadrant and occurs in 
most instruments. In some instruments the vertical radius is divided into sixty 
equal parts, and lines parallel to the other radius are drawn to the circumference 
from each point of division (figure 12); in‘others, both radii are so divided and 
horizontal and vertical lines are drawn from each point of division (figure®); in 
others, horizontal lines are drawn from each degree oil the quadrant. The 
vertical and horizontal scales indicate the sines and cosines of the correspond¬ 
ing angles. In the description of the Zarqali astrolabe below (p. 29) the use 
of these scales is explained in more detail. In some instruments arcs for 23$°, 
30°. etc., are described, 


(c) The south-west quadrant iu most instruments exhibits a sort of yearly 
Calendar. The horizontal anti vertical radii are divided into six equal divisions i 
(figures ?, S), From the [joints of division arcs are described and the names or 
numbers (figure 11) of the signs are written in the spaces, six on the horizontal 
™ditis and six on the vertical, in the following order 


3 

Vertical . , Cancer 

Horizontal , (ieiaini 

2 


4 5 6 

Leo Virgo Libra 

Taunts Aries Pisces 

1 0 11 


7 8 

Scorpio Sagittarius 
Aquarius Capricorn us 
10 9 


This division, combined with the graduated circumference, forms a scale of 
circular and angular co-ordinates, and on this scale are traced various kinds of 
graphs - showing, for example — 

W Tllc between the sun’s right ascension and meridian altitude 

(figures 7, 8 and 37); 


00 The meridian altitudes for certain latitudes (figure 12) ; 

(id) The altitude of the sun when it traverses the azimuthal circle of the 
Ka'bah at Mecca ; 

0**) The temporal or unequal hours (figure 11). 
if!) There a re generally four seta of shadow sca les 3 two on the periphery of 

■ In lb* Henfti (Sgw 12) *»d the Shih gwafai htatmmrut* ibu main divinon* are not equal tux unnw' 
EjuiimJ the th^ljiMtlion- 


1 Figaro 37 "how- how tin- curve (l) I* ttnafewled f„ r latitude 27 N. For each pair of tin*, radii 
■T?* ** w « le ol 7 tnwidi “ ,lltUud * o£ tb “ ™ «• «•»»«- «id tbr point* of intention ol'.h** 
7“ thf <* «« *«* an- joined. To make the graph perfectly corner, intermediate 

IT*' mUl \ ot ^ 11 thowi ..n equal hour eunm Adding to Drfambn, 

iJUmmrnu da M *«*.%. ^ **) Uu, U tint dwrlhod In a **.11 wort by SartoWo (dr» AD. l2 *». 

nil many ,.H hnt it give* only roughly ajipm*inmte neuJi.u. To construct thvtie hour 

ITrlti " ™ la 1** h 5° t* v r‘ *"** MKl " on on- of (be bound- 

I *lu. Th'-i i* Hu Pi*Ui hour lin*t and the otbem arc we* of circle* of which the centum ate on the 

srr r :rjx ta *° { *■ - *« *■—^ «* 

for a S ” **" tb r 7” 7 »-• - fTH^ily two kind., Of ^ale^one 

mn £ 1 M '‘ JlTjJ “J h * J? lmp W * whht ' « “l <■». « Iha >wit for both walr* ; the 

^ , ,0 ‘ l ** int “ 7 ^ n! graduation* «* «ntin- 

Z Z 'Z HT2L *T “ 7"™?*’ yn " » inin * ,tM ‘ ***" "< -ith the centre 

Z 2 !J^£irr?iT 2 r t lin ' f r m lh ™ th “ «- ^roUbe* 
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the lower half of the disc and two in the central rectangle. In the ZarqSli 
instrument, however, the latter are replaced by & pair of central circular shadow 
scales (figure 19). Given the length of the shadow in terms of its gnomon—by the 
aid of the shadow scale and the alhidade the degree of altitude of the sun 
and the time can he found. 

(e) In most of the instruments the inner semi-circles of the lower half of 
the disc give lists of the signs, manails, terms, faces, etc. These tables are 
generally for astrological purposes* and they are explained in some detail in a 
note on astrology appended to this volume (appendix B). 

Some of the special tables are of great interest. The following are 
taken from A, B, and C (figures 7, Hand 12). 

(/) A table of rising signs is given in the central rectangle of 1 Jaipur B.’ 

Table of times of rising of the signs for the latitudes of certain cities in India. 



3U 

3A 

37 3d is | 

$4 

33 

32 

21 

38 sa ai 

*7 


** 

5* 1 S# 

£2 

21 

28 

UftniHf. 


II M 

II.M 

IL JU. 11. M. H. M. 

«. Si. 

II.M 

M. M 

II. M 

13. H II. U- II- H. 

H. M 

il; M. 

11. M. 

n. m, it. si 

n. m 

II. M. 

II. v. 

_ Haa 

*1 

; l ii 

1 Ij 

i ip i is t 

1 2r 

1 21 

, ^ 

t _l 

t :i 1 D 

I -;3 

I Lifl 

i ao 

1 31. 1 3£ 

1 33 

1 31 

' l 03 


At^, 

r. 

l 2S 

1 3! 

1 31 1 32 i id 

1 31 

i 35 

t air. 

1 37 

x u i i m 

1 *8 

1 41 

1 12 

1 13 1 II 

J 44 

X II 

1 Iti 

ArjttRjriiiB 

T4WU*- 

*i 

1 If. 

I &7 

1 57 1 it 1 57 

3 jn 

E 3* 

i a* 

E fill 

2 os o ; o 

2 1 

2 1 

! £ a 

2 2 2 2 

2 2 

2 a! 

- 3 

pr Lcuriwt* 

o*iiha. 

h 

z 22 

* si 

2 11 '2 28 2 2ir 

2 £H 

; * ill 

£ Vj 

2 IW. 

3 1* £ it! * id 

2 IT 

H 

|2 1fl 

3 ipj 3 13 

2 13 

$ 15' 

= 14 

^ifttiHLribv 

CHI If* 

h 

2 31 

2 W 

S.« S is & t~ 

2 

t iV 

2 £4 

2 22 

2 £2 2 Li] £ Jv 

ii Iff 

2 i£ 

I “ l *\ 

2 IT = ii 

2 1* 

2 

2 14 

Hr-jrpkd 

Iaj. 

tf. 

£ Aft 

2 £* 

2 2T 2 ito 3 f 

2 £3 

5 ±2 

£ £1 

i stv' 

Li It* 3 Ifl t ln| 

S IS 

£ 11 3 13 

2 12 1 3 |I 

S 1'J 1 

2i 0 [ 

2 U 

Ubn 

TH^q. 


This table and the rule on which it is based played a very important part 
in medieval astronomy arid astrology. 1 

(y) Trigons.— On the right of the lower half of * Jaipur B ' (figure &) and in 
the centre of C (figure 1*2) is a table showing the regents of the triguns, etc. 


Nature of the Trigons and their Regents or Lords. 


bf Chi? 

TripliRltkfl. 

Htry. 

Ekfihr. 

Al/jr. 

wiiV 

Dty LtKiii , | 

duit , 


Sat itr q . 

VtfiLfi B 

Sloan . 


SttUtn * 

Jlfttfltf 

Jip-liH . 

VCQQI fl 

SUr* * 

HflMI, 

Trlplldtira 

ArJin . . 

Lrt . 

lUfitUrkiM 

3m , | 


CAprio^ 

EirfltM. 

(IctulnJ * 

Li bn . 

AqtUllUi 

&HCVT * 

Ikwplo * 

rtm. 

Slghl Ltif.lk . | 

JopLtCT . 


jkalsirn > 


I'rjiu* . 1 


Mrttilly 

A*t UTfl * 

JqpU-ff ' 

Mmt» * 

VenHi + 

SlfhQO 


The triplicities, or trigons, are groups of three signs* each of which is 
situated 120 degrees from the other two. It will be noticed that Saturn, 
Mars, Jupiter and the Moon occur in their respective triplicities both as day 
and night regents and they are sometimes therefore termed * common regents/ 
(See Appendix B.) 


1 See Book ii of the Atmageit; dl-Bdltihi, Opa» Atlrtnumitum, 2nd Part, p, 63f ■ the sCrya 
Siddhantn, ii, «0f. r-tc. ; also lhe note on Mtitdogy LAppcndis B), From the formula SU a , $ tan j 

where $ the ’atilodc and 3 the declination, the w-caUed ascuntitntai difftmuts aw calculated ; Uteri 


,_ . . tin 30'. COS*> jt GO®. ran n> 

from *■ -- s -■ ■ #in (i, + tin.- -— 


tin (6, + ft* b 3 ) = 1 the *oluc» of 


calculated ; aai finally f, 


J i> ~ — rT a + Oj, f» = ^ + o t . f, ™ 6, — a t + ii. 


“ a* and *>etnoe *» t 3 . = 4,, and a, s= = a 3 . 


& are 

i* + H 
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(A) Climates.—The table of climates occurs only on Jaipur A [figure 7), 
towards the bottom of the lower half of the disc. 


Table of climates . 


Cubans, 

Fust, 

Second. 

Thied. 

FODBTtf* 

Fifru, 

Sixth, 

Seyexta. 

Begin run#* 
ukldlfm (hi) 

b m 

b m 

b m 

b m 

h m 

b m 

b m 

Latitude* * - , 

1-tH J^U 

SO 1 * 

m « 

n** m* 

2D 1 41 11 

43" 45** 

47" 48" 

Hour* » f I 

12" 13" 

13 l * 13** 

!3 <l 14« 

N»- 14 J * 

U** S3* 

Ifi" 15" 

JS« jb* 


Till* topic of ' Climates 1 recalls a most interesting chapter in the history of 
civilization. It exercised the attention of such astronomers and astrologers as 
Eudoxus, Eratosthenes, Hipparchus, Manilius, Ptolemy. Dorothea of Sid on, etc., etc. 
The subject presented difficulties. The number of climates assumed varied, 
but generally a chorographic system, which applied the seven planets to the 
seven zones or climates, prevailed. Also, according to Paul of Alexandria, 
“each sign corresponds to a climate or parallel, and by virtue of its Trigon 
to each quarter/ 1 For the mathematicians, the problem was to find a progres¬ 
sion corresponding to ascensional differences. They took the length of the day 
as the measure, 1 and progressed from one climate to another by half hour steps. 
(See appendix C.) 


ft) The year.—The rectangular table to the left in Jaipur A (figure 7) shows 
multiples of the differences between the approximately correct length of the 
tropical year and 3113 days, thus : 


67** 

aio** 

S5S« 

1043** 

77 1 * 

3M|ia 

25 ™ 

17ft * 

&7 I§ 

0 

ft 

7 

6 

5 

4 

3 

2 

l 

m 

HO 

70 

50 

&o 

40 

30 

20 

10 

31»« 

)l(4 * 

6 b 1T 

213 1 

B7<» 

202* 


IV 

155" 


The table gives n(8T 33' fl*}—~a,360° where « ranges from l to 9 and 
from 10 to 00 and a is a whole number. 2 Now 87 5 33' ij", expressed in time, 
is 5 hours 50 minutes 12 4 seconds, and the length of the tropical year was 
supposed to be 385 days 5 hours 50 minutes 12 4 seconds.* 


iau* + a* 


1 The iiicinur.- ..I 1br> InttgSrO liny is -jv r - where n i k m fau ton ». 

* For 106 1 33’ »i (67 0*|—o.3»l = 263$* 33 —4.90O 9 «106? 33'—«.30O s and n=l 

A British Multan Mtnjbl*. d«t«l A-H. 1070 < =A.1A by Mubnraniiwl Uuatai of Lnhorv. nivre the 

•W 1p»bV, p ' 

Al-ftnltinl *'*** <•* *? *hr following twite: “ Hubftrii in mm Mtroiwtnht lihro nnrrsi 

excifwstftn Mulutinnb i lazl wluvl i|iuuiih«»«n> (gtudiHi* expn nun Stilw tot n> Ambit iu 

35*p ilic* rScrtJit, mvmtn.ni ib mirononiii khitlllnr d-Mirmtin — 

In npeeulA ■l^jh»ttitnf»ijfyAh , , , , , , t 

DftniJX'i in ufW . . . . . 

* V4y - 4i itm Ah] Mmiffiit . , . . , . . w* 3ft> 

In InbulH ->ii* HUm-h prithAm r|tlanlioUetlii fWfrpt. (UtUttdc wriWl* S6’ |,V SSI" 
eotivi'miii, A' 4ft* M* 3fl' ulc," Opitj AMmutm.* . a, u |>|i. 42 A 211 

« th " U WS <kv» o houm 46 minutes 4 5.3 ^nd 


43* 39“ :«!'■ 

41 1 2,» n 14“ 

3ft 1 I3« 4<J iu 

37 111 , ve|, jzr:u!il>u» in 


47 1 ’ 

0 1 ’ 

























































Pluttf VI 



np 17, tABl-KT FDR LATITUDE 


Fig. IB- TAfrU*T FOR LATITUDE 2R 



Fig m KJUIQAU AFTROLAES niBWSKi. 


Fin SO XAhXJAU ASTROLABE I REVERSE 
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14. The face.— (Wajh or Venter}.—The inside surface (water) of most of 
the astrolabes is engraved with a list of cities and their latitudes and longitudes 
and, sometimes, their position relative to Mecca. 1 The last is indicated by the 
inkirdj or ‘ inclination ’ and the masafat or ' distance f and jihat (side or point 
of the compass). The inhiraf is the arc of the horizon intercepted between 
the meridian of the place and the vertical circle passing through the zenith 
of Mecca.* * The Masafat is the distance of Mecca measured along a great 
circle, and the jihat is the quarter of the horizon in which Mecca lies. 

Jaipur Ii (figure 13) gives the longitude and latitude of 210 places, and 
also the districts in which they are situated, but does not give the inhiraf etc.; 
Jaipur D gives 36 towns; the Herat astrolabe (C) gives 44 places with the 
inhiraf and jihat; the Shah Husain instrument gives 103 places with latitude, 
longitude, inhiraf, masafat and jihat; the Lahore astrolabe gives also 36 places, 
with latitudes and longitudes only. A selection from these astrolabe gazetteers 
is given in an appendix (pp. 127-S}. 

The longitude is in all cases reckoned from the 1 Fortunate Islands.’ Com¬ 
pared with a modem atlas the differences for a few selected 3 places arc— 


longitude latitude- 

di fferunce, difference 

Trfuraghah ,..,****• 35 s 43' 0’ t' 

Baghdad.35' 23' 0* 4' 

Shiraz.3,^ 20" O’ 6' 

Nlshapilr ..33° 0 a 13’ 

Yead.34° 30 1 0 s 22' 

Isfahan. SV 5C/ 0 s 14' 


The difference in latitude may be taken as some criterion of the accuracy 
of the determinations, but it must be remembered that the precise localities of 
the observations (old and new) are not known/ 

The longitude differences point to some place about 35 degrees west of 
Greenwich as the point of origin. The zero meridian therefore passed through 
the Azores. In this matter the Muhammadans copied the Greeks, who fixed 
upon the 1 Fortunate Isles,’ possibly, as the western end of the world. These 
‘Fortunate Isles’were originally imaginary islands where the souls of the good 
were made happy, but later the name became attached to the Canary Islands. 
In the Ain-i-Atibari 1 we read.: "The Greeks commence their reckoning from 
Khalidat, which are six islands in the western ocean, which in ancient times 
were inhabited, but now are inundated, etc. 

* Sec the excellent little book FiiwyAnw * rittfWoi* written in AD. IKtf by Jaques Foeant de 
Montpellier, who term» the venter * Miioer d« Meade ’ aihI given on il an ncluul wap of the world (i. 139-7}. 

* Tin* tufQuft m pomltomis of ihe fcld geographers See ’iJ-Hiitnlm L 136-7 * I*. A. $ediiht*a Mimoh** * &7f.; 
the yuihrit ti l-Qum (Ed* le Strang?) p. 26 i 

1 Tlit- vnliiw given on all lhe JiiMrumerits examined for tbeae mi pUrcs are the sutue: dl MaxAghah, 
Baghdad and XigahQr were irn|*jrtant r> Wnrsitork**. 

* One eeetnd cl longitude at Delhi is roughly equivalent Ui about 3*> very rmmhly a mik to a 

minute of w. (At latitude 30* % utte degree of tottfilude^GWfc meltvft=li£W ndlw) 

* Ed. Gladwin, it mb 














*26 


ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 


The longit ude values are somewhat irregular and illustrate the inherent difficulty 
in the determination. The errors for Jerusalem and Cairo and Mecca seem to 
lie traditional. The list of names on ‘Jaipur B* * (figure 13) is interesting as being 
copied from Ulugh Beg's table. 1 The number of towns is the same, but the 
astrolabe designer left out some of the western places [e.j., those in the 
country of Until and some of those of Shit in (Syria) ], and added some extra 
towns for India. Otherwise the names, the order and the latitudes and 
longitudes are the same. 

15. The Alhidade { idadah) or Sighter.—In all old oriental astrolabes the 
athidade is of the type attached to Jaipur A and shown in figure 7. It is 

fixed on the centre pin so that its graduated edge lies on a diameter of the 

circle. Kail of the bevelled edge (the right upper edge in figure 7) is divided 
into (10 equal divisions, every third division being numbered. The left upper 
edge is divided into six equal divisions, corresponding to the divisions for the 
signs i»f the zodiac in the south-west quadrant, and each division is marked 
with its two proper signs and divided into 15 parts. The Tight lower edge is 
divided into six divisions numbered 1 and 12, 2 and II, etc. Near to each 
'■nd is fixed a sighting tablet, each having two holes, the upper pair generally 
being the larger. On modern Hindu instruments is another type of revol- 
\ing index. It has no sighters and is the length of the radius only. In 
mediaeval European instruments we often find such a marker or ‘label,’ as it 
was called,* used on the front of the astrolabe. (Figure 24.) 

The drawings A, B, C (fig. 27) are taken from Morley’s work.* The last 

C, is from Focard * and the others, A and B, Aforley copied from Ritter * 


. ' '/ , E ** d» labttt tf Otom fU,, 

*" .■ .(M.iii, * |j,( |Ofr», .4 ttranfmic itt* ii, 33—54}. 

* OtlnttQr. Potutfa. 

; 1 '* fi 5‘ **■ n M * wl **■ PI«C XXXI Of HoiW. 

FantfArwt * rnMrvlubr, f,yon. )]«. 

* AMnlMum, Fnm. Ritl<-ri. Xumberg. lOIS. 


p. £37 J + C'otlipn r." 







Chapter IV,—THE ZARQALI ASTROLABE 


16. The instrument shown in figures If) and 20 is dated the 23rd year of 
the reign of Aurangzeb and A. H. 1091 (A.D. 1080), and was made at Delhi 
for Nawab Iftikhar Khan of Jaunpur 1 by a certain Ziii al-Din b. Mull a Qasuii 
Muhammad b. Hafiz Isa b, Allah Dad, HumSyunT, agtOrhlb maker of Lahore.* * The 
instrument is now at Jaipur. It is labelled ' Yantra Jam Kail sarva deu.’ Ft 
is two feet in diameter and is made of brass and consists of one disc only 
engraved on both sides and is described in the inscription aa a * Zarqdti 
astrolabe '* and as a ' single leaf f instrument. 

The invention of this instrument is usually attributed to Ibrahim b, 
Yahva al-Naqqash (the engraver), born at Cordova, and who lived from about A.D. 
1029 to 1067. 4 He was known as abZarqSli (Arzachel) and his instrument was 
called al-safihat al-mrqdUya * the tablet of al-Ztuqali ’* and was famous in mediaeval 
Europe under the name Sttphaea Attache!is. 

17. The characteristic part of the instrument is engraved on the reverse. 
The ordinary astrolabe was considered inconvenient, inasmuch as for every new 
latitude an additional tablet was required. Al-Zarqiill tried to remove this diffi¬ 
culty by substituting a horizontal projection for the usual polar projection. He 
took as his centre of projection one of the equinoctial points, and made the 
solstitial colure (t.e. f the great circle passing through the solstitial points and 
the poles of the equator) the plane of projection* 

The projections of the two celestial hemispheres exactly coincide, and the 
scheme can be used for any geographical latitude. By the aid of the index 
and sigh ter most of the results given by the ordinary astrolabe can he obtained. 
The index of the Jaipur instrument consists of cross bars (four arms at right 


» Hie coding of thin word ii untvrtain. but UlikMr KMn was powaMy SiilEln Hiusin. who in the 
first year sjf *Akmgir w&a given iHn title * Iftikhnr Khan * and who Fnujdar of Jaunpur where he 

died in A. H. 1003 (-=AJX mb*}. 

* Thts appear* to bo The maker: idao of the very fine + complete 4 astrolabe (Jaipur B, figure# 6 *nd -§) mud*- in 
A-D. 1657 V 

1 A.I-ZurqaH calfod if al-'AhMdlifiJ in honour nf abMu*tani3d b, " Abbid, king of SftViRa {A*LJ. lofifi- 
100 Lh See (\ NiUbtir, Enttfctepadia of Iri&m p, 

1 Enter (p- L0»>. who nS m wcc-rd» {\± I53ji that om AJmiad b. M- b. + OUunln aJ-Awls, who died at 
Moroeoo itkstil A.D. 1340. fiki wrote on tht- me of the Sakai and Si ft An, For a brief description nf the 

instrument at^alw L A. S&lillot* Mimmr ^ p* IS* am 1 fig. 05. 

i (il So, PP\ aw the \vb\cn of the equator, K l ia a pote of the ecHptin, amJ Pr. F‘ ^ is thv eqoinoctfal 

ro!Liro.i The centra of projection k ami fj e q p l ia a ha.lt of the- projected solstitial colure. In the 
figure circles of dirmlitiiitioii, ete+i ura drawn for angles of 3d a * 4u a * and 60*. I\D|. Il-I ^ and JJjD| uro 
cireLui of declination. pAj p* P pA ( p\ pA*p l aw circles marking light ascension; riimkrly l^L ir LjL* LjL, w 
circle* nf latitude and I ,K l4 t ( k,. l^k, circle* of longitude. On the instrument iiadf cirdea of doolinatloii awl 
latitude art drawn fur every degree, and those for right ascension and longitude for emy three degrees'. 
The latitude* and declination circk*a aw nurabeietl ftom [he centra te thi fc po|p* ; tlie ecliptic in marked 
with thf! fiipkP I>f the zodiac fmm O to F 21nad back again from F m O t and similarly along 

the other half of the ecliptic liiw, and eaob 'ugn us graduated for every thrau degwt^ ; the graduations 
on the equator commence at D and proceed on tbo north skle of the lino to B which is numbered W. 
and thru tbe graduatbtia are continued on the south side of the Une endmg up al L>. which la this timo 
oumbrwd 36*X 
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i he projection was used for mapping out both the celestial hemisphere?. 
For example we have (fig. 21) the stars Simak-Ramih (Arcturus) and Fam 
al-Faras (Euif) placed near each other something like this 


-S 


F-, 

6|tl 00 


290 300 310 


40 

i 

320 


Their right ascensions may therefore be read 


F 

52 

or 

303 


S 

59 

or 

301 



But, as the scale on the instrument commence 
the first point of Aries is reckoned as 90 instead 
we then have 


at the winter solstice, 1 and 
of 0 we must deduct 90 


F 

—38 or 218 

S 

—31 or 211 


-W F W “ lnmiio,W J 322 °. ^Uch is the seme e» 

■ > (JA 322—38) and S was approximately 210J°. 

In Appendix A4 the names and approximate positions of certain stars on the 

mstmmen are compared with the positions as given by Flamsteed. 

- >ere are also the names of several stars written in the Devanihrarl character 

S*. \£ r “ d ***! 3, ” N - ^ » 

'*«> ***** give. R. aZI’ i'Z LSZZ 'jg *+*■ for 

a Un, Major*, to, which F.emCeed give. £ 1“V 25 ' ’ nay * 

AJso t tit? nfliiiics oj ii nirmhpr f^ + , 

also used for geographical purposes The aX 1^“' ^ ** m “ P “ 

as zero longitude, and Baghda/or some I 3 V appea ' 8 to bave been tftk en 

* ■ fc.pUw Right wh^h ^ ^ A ' D “J** *PP«« to W Keen ihc Hmt 

Tk * Un ’" < *51' °f ^ Caiatofto. j>. 14 . Bm l wnt uf Capricornua. E. B. Kxqml, 
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Some of the towns and their positions are given below:_ 


Xaiik Pf lawn. 

LaajffUndr »lth 
IfftTHii 1 * tO 

4‘ A in 

Qgnrc El. 

Latitude *Kh 
nrtr rr9it^ io 
tt B in 
iipiK 11. 

lAHHillhlr Tiilft 
Pd+rcne* Eo 

Bj+fli did it irivrn 

PD Jejjw 

LaUlndi* it pTtn 

Pfi Jiiptu B. 

Halftb {Aleppo) . 

JB 

— 8 

« 

+35* 

0 * 

—7 SO 

* i 

+35 30 

m . . 

+13 

+37 

+ 12 30 

+37 0 

KfibnJ * 

+SHJ 

+W 

+24 40 

+31 7 

JehlURbad (Delhi) * 

+ 31 

+2SJ 

+33 35 

+28 39 

Labors . * * * * 

+201 

+31* 

+29 20 

+31 50 


19. The obverse of the disc {figure 19) contains scales and tables,' which 
are, more or less, common to all astrolabes. Heading from the circumference 
towards the centre 


(а) The two upper quadrants are graduated for every three degrees 

(numbered in the abjad notation), also in degrees, numbered in Arabic 
numerals from 1 to 90, and in one-sixths of degrees, or every twelve 
minutes. 

(б) The periphery of the lower quadrants is graduated by shadow scales- 

on the left a ‘ twelve scale ’ and on the right a * seven scale/ 
(See p. 22.) 

(c) The next complete annulus contains the signs of the zodiac, which are 

accompanied by graduations down to intervals of twelve minutes. 

(d) Next are the manzils or * mansions of the moon/ 

(e) The planets—twelve to each sign—with graduations for every 2\ degrees- 
(/) The planets—nine to each sign—with graduation for every 3 C 20/ 

{g) The planets—five to each sign—with their limits or terms indicated, 
{/i) The planets—seven to each sign—at intervals of degrees. 

(i) The planets—three to each sign. These are the ‘ faces * of the particular 
sign. 

(?) Again three planets to each sign. 

(fc) Another pair of shadow scales. 

[/j Separated from the others by the smaller shadow scales {£} are the names 
of the European months, with a scale showing the days of each month, etc. The 
instrument was made in A.D. 1G80 and correctly indicates that spring commenced on 
March 10th. 

20. The central part of the disc consists of a projection of a sphere and a table 
of sines/ These are illustrated in figure 22 f where the quadrant OAB forms the table 
of sines. The arc AB is divided into degrees, and, from every point of division lines 

1 Of tiit-He. e to j nn- ghou u fn appendix on :mtnjtogy (pw 124). 

1 Oil aii iiRtrolst*. made nt Seville in A. H. W39 (A. IX 15MM2) dcutlar oanrtni&lkma found, 

I he iirtick'ji hy MM. StttTiirc usd Pailhadr, Journal A tiatujvr* ISO 3, 0 L pp* Of. ft m I JH5f. 
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are drawn perpendicular to OA. The radius 0 B is divided into 00 equal parts, and 
lines are drawn parallel to OA. In the diagram sin 40° reads 30*, t\«. T or *65, but 
the instrument itself is more accurate than this. The radius OD is divided into sixty 
equal parts, and, through each point of division, circles, also passing through the 
points A and C, are drawn. These ares are orthogonal projections of great circles 
inclined to the meridian C'A 1 of the sphere A BCD. For example, the arc passing 
through the division numbered 50 represents a circle on the sphere inclined to the 
meridian at an angle 4, such that sin $ = (— ‘835). Now the arc 50 in the qua¬ 

drant t'B touches the horizontal line 50 which cuts the arc BA at 5B|, therefore $.■ 
=564 [actually sin 


n*T* vii| 





pi*, n. UJUfrllf SCALER 


EL l*. 34 IIL'LKEIH JKH WHIM'EM ±rTMl UtiULKT 


Fw. 11 rftOJECTIUK VOIt FIQtfKE 1% 
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Chapter V.— HINDU METAL INSTRUMENTS. 


21. Hindu astrolabes are mostly of modern workmanship and of modern pattern; 
but at Jaipur there is a Hindu copy of a Persian astrolabe that is of interest. It is 
of inferior workmanship, and was, apparently, never properly completed. It is a 
tkulihl or tripartite instrument, and has two tablets, for latitudes 27° and 72° N., and 
a tablet of celestial latitudes and longitudes, On the ‘ankabiit the ecliptic is graduated 
at intervals of 6 degrees (figure 26), and on most of the points no names are engraved. 
On the back of the instrument (figure 27) is the usual table of sines, and declination 
graphs for 27° and 28° 39'. On the lower half are the usual shadow scales but nothing 
else. 


Morley describes two other Hindu astrolabes, one belonging to the Royal Asiatic 
Society, and the other to the India Office. 1 (1) That belonging to the Royal Asiatic 
Society is a bipartite instrument, and appears to contain one disc only for latitude 
24 D N. The ‘ankabiit has 23 points with the names of stars engraved thereon. The 
back lias the table of sines ami the shadow scales. (2) The India Office instrument 
is said to be of poor workmanship. It is a sex partite instrument, 3 inches in diameter. 
Within the Uttlttl is a table of 111 Indian cities, with latitudes and longitudes, the latter 


reckoned from the ‘ Fortunate Isles,’ e.g .— 


Latitude. longtttndoL 


Javanpur 
Ujjeyani , 
Delhi 
Benares , 


2d° 

W 

lu9° 

G' 

23 s 

30' 

110° 

SO' 

29° 

0' 

113° 

O' 

26° 

15' 

117® 



There are seven tablets—six for latitudes O', 17', 18°, 20", 21°, 23 , 24 , 26 , 
27®, 29°, 32' and 72®, and one with the usual horizons on one side, and the * ankabiit 
co-ordinates on the other. On the back is a set of tables termed pevamakrdntt. 

In 1790 R. Burrow related that he 1- Compared an Astrolabe in the Nagri 
character (brought by Dr. Mackinon from Jaynagur) with Chaucer s description, 
and found them to agree most minutely, "even the centre pin, which Chaucer 
calls * the horse,’ has a horse’s head upon it in the instrument. 

The only other ordinary astrolabe of Hindu make, and of anv age, known 
to me is R in the list on p. 17. It is engraved in DevanSgari character and is 
of very crude workmanship, as compared with A, B, 0, D and L. It is of copper, 
of 7 inches diameter, ami contains two tablets, besides the ecliptic tablet 
(‘ ankabiit). The venter is plain, while the back has only the central rectangular 
shadow scales, the eittfff quadra ntits ruled into 30 equal divisions, and the 
declination quadrant divided into even spaces by 17 arc*. I he tw o tablets are 
tripartite, and, besides the almncantsrats and azimuth lines, have the equal and 
temporal hour lines. They are inscribed thus 
(p,) Longest dav 33—30 (“») Longest day 3d—24 

Avaxti. Utitadt 37 ‘ 


i Th<* IndU OUt« ■**»* is tl» lnliai M the South *»*«<*'> 

* Amaiit Rtsmrtht*. I7JK>, V<ii. p. ***>. 
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Latitude 22* Shadow 5. Shadow 9, 

Hypotamut 13 . H^o^tae 13 . 

(b[) Longest day 33—50 (i^J Tablet of horizon without 

Awadayad* any number? or inscriptions. 

Latitude £3. 

Shadow 5—<L 
Hypotenuse i S—3. 

The latitudes are here given in four different ways: (i) in degrees, (ii) in length 
of longest day (in ghat is and pa las), (in) in length of the equinoctial shadow 
or Ian#, (in) by the hypotenuse of the equinoctial shadow or sm$. 

These may be expressed thus 


V.\L[ ES 0Jff THE iNiTM iEST. 


C-ALrrLATEl> VAUXn 


Lat 

lAdi^fd diy. 

tan 


Loograt dny T 

iati $ 

tin ^ 

o 

r 

P* 

A, 

l». 9, 



A, 

fit. 

** 



22 

33 

;0 

= 13 

2i 0 

A =*417 

A = 385 

13 

22 

52 

'404 

■375 

23 

33 

so 

= 13 

32 ft 

5 5 6' -irto 

13 

IPS' 

13.r ™ 

13 

27 

16 

-424 

■3H1 

37 

36 

24 

- J4 

33 30 

A -*7W 

A -=*000 

14 

M 

48 

*754 

*588 


1 u Jyrge sm £ lc m&c astrolabes 7 feet in diameter—one 
made of some sixty sheets of iron rivetted together (figure 28), and the other 

>r '' P' 1 ' 1 up with lend (figure 29). From the iron instrument the 

groduotion, have disappeared. The brass instrument is Umm (complete) 
■ r atittide 2, X. It has an ecliptic circle, and a tube sighter of modem 
r' 111.10 up. it .( two instruments may possibly be of the original metal 

z+zrss to by w 8i -* b «- »• >* «- - r-*^ 

, , 23 - n : 1Wra “ l»«iMy another of Jai Singh’s original 

“ " 18 8 ***■« bra8s ciK,e ' *»1 - diameter, suspended so 

r^Tt* rr* 8 7«"? »*• ™ Singh speaks .1 „ instrument 

,/■" of > ring) of brass, in diameter three not of the 

measure now in use (see oase ir». u,,*. s.l a * , , . ,, 

armillary sphere. 1 g “ ’ b * Z ***** 18 ordinanl >' an 

.1 jJnur ^c^n l ,T" (C ! rd ' inStr "“' n, » “ 00 equatorial. There are two 
• i . ’ fcet 111 dlame ter (figure 57) and one at Benares 3 feet 7 

.“poX^r i??**’ *•* 

» pointer, which indicates the hour .agio on the fi Jl r ;„.i„. “ . 
momhle mrcle carries an index and signer (figure ^ 

quite o modem Cn!^ Li^'u'“ \i!T TThur’' b”^ JaipU “ t,n, - v > is 

__. Mlcl to ^ave made according to 

«*««™ to to |* lwrlv , ^ -- 
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Jagaunath's instructions; and there still is at Jaipur the old masonry work 
for a much larger instrument of the same type. The Krauti Vritti Yautra 
is used for direct measurements of celestial latitude and longitude. It consists 
of two brass circles (figure 08 ), pivoted so that one always moves in the plane 
of the equator and the other in the plane of the ecliptic. It is more suitable for 
demonstration purposes than for actual observation. (See page 51.) This is the 
Torquetum of Regiomontanus (1434-1470), which was rejected by Tycho Brahe as a 


clumsy instrument . 1 

24. At Jaipur I was shown a modern Hindu astrolabe or 1 onfra Raj, dated 
Samvat 1799 (=A,D. 1877). It is a single disc tfodthl or tripartite instrument 
for latitude 27 g N., with an ecliptic circle and ruler. On the obverse of the disc 
are engraved azimuth lines for 30°, U0° and. 90°, and also the temporal hour linesj 
and also the names of the following stars :— 


XnHt um Inrininxrot- 

Ha Ssiftc, 

on UkFlnitni'nt , 

Mwlvru JfilliC, 

1 sSitmmlrn. pnkal 

* 


P CtiL 

U Chllm 

a rfryidii. 

2 Rohinl , 

* 


a Tavri. 

10 $\m 

1 a 

3 Apdra 

* 

# 

a Ononis* 

11 Amkrudhu * 

a SwrpiL 

4 Lutn[)hi\k(t 

* 


s Can i* Majori*. 

12 Abhijit 

1 fit Lyrm* 

£ Pusbya * 

m 


B Oancti, 

13 dnTOZift 


0 Haglifi. . 

, 


s Leonti* 

U Sabljiva 

A Affvifof:. 

T T 

•i 

* 



3 Pffjam. 

B 

p 


B Cord* 

+ «p 

■ V 

The ruler 

is- 

of 

the same type as 

those employed on 

the face of certain 


mediaeval European instruments (see p. 26}. 

25. The Dhruva Bhramo Yautra or 1 Circumpolar instrument' is another 
modern Hindu instrument of rather crude workmanship. It consists uf a 
square plate, with a slit near to and parallel to one edge, and a freely re\oiling 
freighted index with four pointers, If the plate is held vertically in Muh n 
position that the Pole star and the star Markati (Kochnb or /? Ur sat Minor is) 
are in line with the slit, then the pointer marked Ghati will indicate aider a 1 time 
in ghali&r The other pointers indicate the rising sign, the sign on the meridian ( 
and the rising, meridian and setting uakshatras,'' The back of the instrument 
is marked Tuttya Yrtntra (quadrant instrument), and consists °f a hinged rui , 
two sighting rings on the edge parallel to the slit, and a graduated quadrant 
consisting of eleven scales. When the sun shines through tin sig ting ring 
the index shows the altitude and the time. Also a list of the nalshalras 
(initials only), starting with Aivini and proceeding in the ubueI^ order , 1 is given, 
and to each aster ism is attached a number varying from 1*4 to ■_ 


1 8m R. Wolf, Gevhirh'r >Ur Atmomii, p- 101 od J- L. E* B*™ *** 

• The Hindus reckon rh,ir sidired lime tro* the rising of thr *n<] boner It d.lfc™ from 

Eurojjpnn tirntt by U hours. 

* Scs Gamtt^ ji. 62 plate X- a 
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2$. Other instruments. —Some time before 1839. Raja Ram Singh of Kotah 
presented to the Government of India an instrument similar to the Dhrnva 
hhrama \ antra described above. The Raja’s instrument was of massive silver, 1 
and was made in AJX 1834. On the reverse is the ' sine quadrant ’ usually 
found on astrolabes (see page 22). 

The armillary sphere referred to by Tod (see p, 18) is still in existence, 
and is a very elaborate affair, although not of much practical use. 5 

At the Lahore exhibition of 1804 were several astronomical instruments of interest 
-particularly some astrolabes from Kapfirthak. The list of instruments, drawn 
up bv a Hindu astrologer, is curious and valuable. 1 One of the entries is- 
i ant* Raj—the usturlab of the Tunis!/’ 


I iljU,mal of fA* JtiiOk Soaiijf „f £ ! 183{| 

*" B. H. Bo*. Powtir. Hand of * y aHuf( 


frinhntiain-.D ©I Tod's Etafrmetft, and for 
Art* of the Pmnj*b t p, 2501 







Chapter Vt—MASONRY INSTRUMENTS. 


27. The masonry instruments, which vary in size from a few feet to 90 
feet in height, are Jai Singh's chief work. It has already been related how 
Jai Singh discarded brass instruments, and built massive masonry ones in their 
place. His reasons appeared to be. but were not altogether, sound. The brass 
instruments were, he said, faulty, because ol their mobility and size. 1 The axes 
became worn and the instruments untrue; the graduations were too small lor 
fine measurements, etc. His remedy was to make large, immovable instruments; 
but he thus stereotyped his designs, and hindered further improvements. 
The larger and more immobile an instrument is the greater is the difficulty 
in making alterations and improvements. Jai Singh sacrificed facility for 
supposed accuracy, 

Hunter states that Jai Singh himself devised the Samriit Ysfcitia, the 
Jai Fraktts, and the Ram Yantra. These three instruments are indeed peculiar 
to Jai Singh’s observatories, and must be to some extent attributed to Jai 
Singh’s personal ingenuity. 4 Jai Singh used other stone instruments, such as 
the mural quadrant and cylindrical dial; but these were not mentioned specially 
in the preface, because they were common to many observatories. They are, 

however, mentioned in Jagannath’s introduction to the Samraf SiddMnta (see 

page 3). 

The masonry instruments are ;— 

(«) Samral Yantra at Delhi, Jaipur (2), Ujjain, and Benares (2). Figures 

31, 35, 13-10, GO and Plate XV, 

(6) Jai PrakCis at Delhi and Jaipur. Figures 30 : 32, 33 and Plate XI 111. 

(c) Ram Yantra at Delhi and Jaipur. Figures 47, 48, 40, 59 and Plate 

XVII. 

(d) Digamia Yantra at Jaipur, Ujjain and Benares. Figures 03, 66 and 

Plates XXIV and XXVI. 

(e) BatetewwiUi Yantra at Jaipur, Ujjain and Benares. Figures 50 

and 62, 

(/) Nari-valaija Yantra at Jaipur, Ujjain and Benares. Figures 53 and 66. 

($) Vritti ShastdmSaka at Delhi and Jaipur. 

(A) MiSm Yantra at Delhi. Figures 50, 51 and Plate XIX. 

(»} IWi Yalaya at Jaipur. Figures 54 and 55. 

ij) Kajtdta at Jaipur. Figure 31, 

The last three of these instruments are possibly of later date tbau Jai 
Singh. They are mentioned in neither of the contemporary lists. 

* The Milt nwt with (be- procedure in Europe In in1en* *tin(r. Tbc Eompeu Kientbt recognised the 

Inevitability if <>mir. and took ntfww* to coUfltemcl it with the minmmeter, vernier. telescopic 

sights, etc., etc.) Even n modern theodolite. «* » ■»**> aaEmnunimi instmmrdt. is worth more tlia* -II 
Jai Hbgb'n large buildings. Possibly. Jai Singhs power and wealth ineUitHl him to move in a direction 
that could nut lead to the desired end. Sw page W, 

* 8 “ * 4 
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28 The Samtat Yantia or ‘Supreme instrument * *’ is, as its name implies, 
the most important. It b an equinoctial dial, consisting of a triangular gnomon 
with the hypotenuse parallel to the earth's axis, and on cither side of the 
gnomon is a quadrant of a circle parallel to the plane of the equator. It is, 
in principle, one of the simplest ‘equal hour ’ sundials. 

In figures 84 and 35, AB b one edge of the gnomon, the angle ABC i 
equal to the latitude of the place, EF and GH are at right angles to AB, aa abo 
are DF. Mil. ff KL is the direction of the sun, then the arc KG indicate 
the time before noon, and the angle HGL the declination, or sun’s angular dis¬ 
tance from the equator. In the actual structure, the considerable width of AA 
and GE (each being over 0 feet at Jaipur) practically duplicates the instru¬ 
ment, Each edge of the quadrants is graduated in hours and minutes,- as 
well as in degrees, and each edge of the gnomon has two scales of tangents, 

one from H to B, and the other from F to A. In the figure tan iiGL~ m , 

and Gil is the radius of the quadrant MKG. 

The shape of the gnomon is generally a parallel trapezium, as in figure 
34, A BBT. In the same figure GE represents the position of the quadrants 
as they enter the gnomon, IJG-FK is the radius, and the lines radiating from 
E and* G show the construction of the scales of tangents on the edge AB. 

In the following list the examples of the Samrat Yantra are enumerated 
and their dimensions (with reference to figure 34) are given:— 


Samrat Yantra, 







HiigMc 

Haw 

■■ ■ UK 

SUdfr* 

WbiLfo rif 
(jii ■■ i r * i<i 

GE 

Afraid ABO 
■ppWSfl- 

ll Lille. 






ACT 

AC 

BCs 

■Ih“ 

ab 

tmmWf 

Delhi . 

# 

p 

m 

* 

OS* 0* 

»r 4 * 

113' &' 1 

m ' d' 

40' o- 

t'tf 

2$° 37' 

Jai|iiu * 

■ 

- 

ft 

. 

so' r 

irr 

no' ir 

174' O' 

4 IT W 

raj' 

26° OS' 







inr 

37* cr 

40'8 # 

0' 1|' 



CJjjaift * 

* 

* 

m 

p 

22' O' 

IS 1 d p 

«' a' 

47' r 

r r 


23* 10' 

Ifcaftra 

m 

+ 


m 

22’ 3| 

ir ii| 

35' icr 

3D' 8J* 

rn* 

a' io- 

23° 14' 






IT 

nr 

W U| # 

u* ir 

v r 

i' 9' 

25° 19' 


These dials give apparent solar time, which varies from day to day, owing 
to (I) the eccentricity of the earth’s orbit and its consequent more rapid angular 
motion in the winter (when it. is nearer the sun) and its slower motion in 
summer; (2) the obliquity of the ecliptic. 1 Consequently a clock going re¬ 
gularly docs not agTee for long with solar time. In India there is another 
element of difference to consider, due to the standard time being fixed for the 

* Williams i*ys I he Arabic naem* wn ‘ Kootoop brd* in Hindu ifraop/ 

* Thi-y wm originally in QhnU* and fnZu. 

* Tbtic U* the two principal ™u*e*, but nil other causes combined only filter Uk equation of time 

by a foir second** 
























Pig* 32- .Ull PHAKAtt, DELHI* ’ * VS£ 33- «IAt FRA HAS. DE i*H l . 












astronomical observatories of jai SINGH. 


37 


longitude of 82A D degree east of Greenwich, or 51 hours before Greenwich time. 
A table that will enable the observer to compare roughly the dial time with 
clock time is given in appendix C. 

*29. The Jai Prakas is called by Jagannath surra yantra Siromayi ' the 
crest jewel of all instruments,' It is a hemisphere, on the concave side of which 
are mapped out certain co-ordinates. Cross wires are stretched north to south 
and east to west, and the shadow* of the intersection of the wires, falling on 
the surface of the hemisphere, indicates the position of the sun in the heavens 
other heavenly bodies can lie observed direct by * placing the eye ’ at the proper 
graduated point, and observing the passage of the body across the point of 
intersection of the wires. For this purpose passages are cut into the hemisphere, 
and the instrument is duplicated. 

The construction of the instrument is seen in the plan and section shown 
in plate XVIII, and in figures 30, 32 and 33. Figure 38 shows a projection of a 
complete Jai PrakaS. The outer circle represents the horizon and is graduated 
in degrees. From the centre azimuth lines and altitude circles ate drawn. 
(These are not all shown in the plate.) The pole P is at a point on the meri¬ 
dian line, T1D, at a distance from the point B equal to the latitude of the 
place (in the plate 28*37’ approximately). The equator, AEC, and tropics, /// 
(Capricorn), ggg (Cancer), and intermediate diurnal circles (not shown) are drawn. 
The equator cuts the meridian at a point, K, at a distance from the centre 
point equal to the latitude of the place (28*37'), and the other circles cut 
the meridian at distances 2320° 12' and 11*30' on either side of the equator. 
Through the pole, hour circles Pa 1 Pa*, P?\ etc., are drawn. The circles M u 
ii lt jj t , kk are circles of the signs, and are such, that, when the shadow falls 
on any one of them, the corresponding sign is on the meridian. Two such circles 
cut each of the seven diurnal circles on the meridian, and cut Hie neighbouring 
diurnal circles at the proper intervals. At Jaipur a similar instrument (figure 
31) called Kapafa V cup ’ or 1 hemisphere ') u so constructed, as to show ‘rising 
signs/ In this instrument the edge of the hemisphere corresponds, not to the 
horizon, but to the solstitial colure (t.e., the circle passing through the poles 
and the solstitial points), and, thus, is the Jai PrakSi turned through a right 

angle/ 

The Jai Prakas is found only at Delhi and Jaipur. 1 he diameter of that 
at Delhi is 27 feet 5 inches and that at Jaipur 17 feet 10 inches. (Sec plates 

XVIII and XXL) . 

30 The Ram Yantra is the third of the stone instruments mentioned in the 

preface to the 7Jj Muhammad Shahl (page 13). The Pandits say it was named 
after Ram Singh, a predecessor of Jai Singh's. According to Hunter the instrument 
was also known as Vstuuxm, which was the name given by al-Biruin a to an astrolabe 
on a cylindrical (orthographic) projection he devised. The Ham Yantra is a 
cylindrical i nstrument open at the top and having at- its centre a pillar. The fl oor 

■ Tfcc method » vm orudr, -nd the otaarv*^ «-vo v,ry ro^h only. 

> The J*I P*»k*i w» known to U* Anita u al-HManih. For wD i a* LA. bWiUot* and 

JJtiigmvfi’H Art of Di/alling, nufliwl hetow (p. Sfijt 

1 Tfce C*nHtft<W f>f SaliotH. p. 3571, 
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and the Inside of the circular wall are graduated in scales of tangents for altitude 
and azimuth observations. The height of the wall from the graduated floor is 
equal to the distance from the eircitinference of the central pillar to the inside of the 
wall. To facilitate observation the floor ia broken up into sectors (see figure 47 and 
plate XVII), and, consequently, as in the case of the Jai Frakfis, complementary 
buildings had to be constructed (see figure 41). The walls also are broken up, mid 
one section of the wall corresponds to one sector. At Delhi there arc 30 
sectors, each of 0 degrees, in each building: but at Jaipur there are 13 sectors only, and 
their angle is 13 degrees in one instrument mid 18 degrees in the other, the 
spaces between them being respectively IB and 13 degrees. 

On each side of the wall sections are notches in which sighting bars can 
be placed horizontally. The construction is illustrated in plates XML XVII. 
ami XXI and in figures 47, 4S and 49. Figure 41 give!? a good view of the 
buildings as a whole. Examples of the /fom Yantra exist at Delhi and Jaipur 
only and the Jaipur instrument is quite a modern one. 1 

The dimensions of the two instruments are : 


lllM^i' din* 
mrtrjx 


5# r 7J' 
53 F r 


Hi-ijjtti, 


Uinmptpr of 

pUkr. 


ir r r w 
tr 4 ' r 


ifc3bi * 

JntjPtir „ 


31. The Diganisa Yantra ( Azimuth instrument'), although not actually men¬ 
tioned by Jai Singh iu the preface, is given, however, in Jagamiatk’s list (see 
p. 3). It is a simple and useful instrument, and examples of it still exist 
at Jaipur, Ujjaiti and Benares. The instrument consists of a pillar surrounded 
by two circular walls (see plates XXI and XXVI, DD). The central pillar is 
generally about 4 feet high, and the inner wall the same height, while the outer 
wall b twice that height. 

Cross wires are stretched from the cardinal points on the outer wall, and both 
walls are graduated. The inner wall is a convenient height for a man to walk on 
and to look over the outer wall By the aid of a movable string and an assist¬ 
ant, azimuth (horizontal angles) observations can lie made with fair accuracy 
The instrument may be described as a fixed large circular protractor. 

The dimensions of the several hitjaw&i Y ant rm are : 


1>I4XET£K>. 


H ElQHnSr 


Jaipur 

CjjiEn 


Otllrf ViH 
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54' 4" 

r itr 

4 r d' 

31 J r 

tr tr 

r 4 * 

*' 1' 


• It WO* Mil in IKK. TW w ate two mil Him „t.k-h mnstovotri tu .j. i,. 
































rtm XI- 


fru a4. nTAOfl*U OF XWRKT VASTFA. 


pptt. ii. ptiGIUtt Of SAMFUt TAXTIU. 


m,. 07- LiFcMFtATK^^llJlFH, 


r» » HJwnrwuMr ™* tu« *it*t aw*"' 


nu k du'imm rot' Ti,t - JAI 


























* 




























, 
















* 





















.. .. HP- 1 ' 








.■ . 
































■ 



















ASTRONOMICAL OBSERVATORIES OF MJ SINGH. 39 

Jagannath's description of the Digamsa Yantra is as follows :—“ Make a 
circle on the ground with any radius. This circle is called the horizon. We 
shall have to make three horizons here. On the first circle build a solid pillar. 
On the second circle build a ring-like wall as high as the pillar on the first 
circle. On the third circle make a ring-like wall twice as high as either of 
the former. On all these horizons mark the east to west and north to south 
lines and degrees and minutes. Stretch tightly two threads across the exterior 
wall, to represent the east and west and north and south lines, intersecting at right 
angles over the centre of the horizons. At the centre of the pillar fix securely 
one end of a string, and to the other end of the string fasten a stone and place 
it over the edge of the third horizon. This thread is called the ‘thread of ihe 
circle of vision,’ ” 

32. The Narivalaya Yantra (‘ Circular dial’ } is mentioned by Jagunmlth and 
it occurs at Jaipur, Ujjam and Benares. It may be described as a cylindrical 
dial—the axis of the cylinder pointing north ami south, and the northern and 
southern faces being parallel to the plane of the equator. At the centre of 
each face, and at right angles to it, is an iron style surrounded by circles grad¬ 
uated into hours and minutes and g/tatts and jialas respectively. The shadow 
of the style marks the time of the day, and the instrument also shows, very effec¬ 
tively, the passage of the sun across the equator (the equinoxes). See figures 
53 and 63, Jagannutk remarks, about this instrument, tlmt it is not of much 
value, because it only gives readings for northerly observations. This applies 
to some extent to the Benares instrument (see figure Co), but not to those at 
Ujjain and Jaipur. 

33. The Dakshinovritti Yantra {■ Meridian circle’ ) is like the mural quadrants 
found in most mediaeval observatories. It consists, essentially, of a wall in the 
meridian, and on the wall are two graduated quadrants and centre pins (see 
figures 36 and 62 and plates XXIV and XXVI), which were used for observing 
the altitudes of heavenly bodies when passing the meridian. The instrument corres¬ 
ponds to the modern transit circle. Originally there was one at each observa¬ 
tory, but that at Delhi has been destroyed. 

33(a). The Shaath ams a Yantra (‘Sextant’) occurs at Delhi and Jaipur only 
anti is really another form of meridian circle. It is a large graduated arc lying 
in the meridian and is built in a ‘ dark room ’ at the bottom of the masonry 
work that supports the huge quadrants of the Samrut Yantra. A small orifice 
some 30 or 40 feet above admits the light of the sun at noon and the image of 

the sun on the graduated arc marks with fair accuracy the sun’s altitude. It 

is thus the aperture dial of the Muslims (see p, 82). At Jaipur there are two 
1 dark rooms,’ one under each quadrant of the Sanirilt ami in each room arc 
two arcs the radius of each being 28 feet 4 inches. The 1 dark room ’ at Delhi 
is at present inaccessible. 

34. Of other masonry instruments there are the Misra Yantra (‘mixed instru¬ 

ment’ ) at Delhi a n d the Rfisi Valaya (zodiac dials) at Jaipur. There are some 
indications that these two instruments, or rather sets of instruments, were not 

devised by Jai Singh, and, therefore, they will be described in detail when the 
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observatories at Delhi and Jaipur are dealt with. The most notable feature of 
the Misra Yantra is the set of ares for meridians at Greenwich and Zuncb on 
the west, and two corresponding places on the east. The Riisi Valaya is a set 
of twelve dials connected with the rising signs, and which show the sun s latitude 

and longitude. 

35. Of these instruments it is claimed that Jai Singh devised the SamrSt 
Yautra, Jai Frak5s nnd Rain Yantra. The evolution of these instruments will 
be dealt with in a concluding chapter, but it may be remarked here that Jai 
Singh's ingenuity was chiefly concerned with the transference of designs, prei iously 
executed in instruments of comparatively small size, to huge masonry instru¬ 
ments. No new invention, in the ordinary sense of the word, was attempted. 
The Sumrat Yantra is, In principle, n very simple form of sun-dial, but it is an 
efficient instrument, and, as Jai Singh designed it, a dignified structure. There 
is, so far, no evidence to show that the tangent scales on the edge of the 
gnomon had been previously used as on the Sanirat li antra ; therefore, besides 
the general design, we may credit Jai Singh with this device. The Jai P ratals 
or ‘ invention of Jai,’ as it may be called, and which JagannUth calls the 
1 crest jewel,’ is really a sort of combined armillary sphere. Possibly the astro¬ 
labe projections suggested the idea to Jai Singh. In a manuscript copy of a 
work by Abdu! All Barjendt 1 * * (died A.D. 1523) most of the details of such an 
instrument as the Jai PrakSs arc given. Jai Singh's duplicated instrument is, 
however, his own design, and, probably, the introduction of the culminating sign 
lines must be attributed entirely to his own invention. 

The Rftm Yantra is only original with respect to its size nnd the duplica¬ 
tion of the instrument. The meridian lines of other places on the Misra Yantra 
at Delhi was not a new idea. It had, at any rate, been worked out for vertical 
gnomons. The Its si Yu lay a seems to be entirely original, but it is of doubtful 
utility as an instrument for observation. 


/ 
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Chapter VII.—THE DELHI OBSERVATORY OR JANTAR MANTAR. 


For the Delhi observatory, known ns the Jantar Mantai, we have the following 
approximately correct elements :— 

Latitude 2S n 37’ 3a* N. 1 


Longitude T7 a 13' a' E. of Greenwich. 

Height above the sea-level, G95 feet. 

Magnetic declination E, I s 4b', in 19! 5. Annual variation— 1'. 

Local time 12 minutes 13 seconds after standard time. 

30. The observatory is 3 miles 3i furlongs almost due south from the Pir 
Ghaib, the Trigonometrical Survey point on the Ridge, near to Hindu Rfto’s 
House, It is also 1 mile 71 furlongs 33 a west of south from the Jama Masjid, 
In the projected new city the observatory borders (on the east) the road leading 
from the railway station to the Secretariat and Government House. It conse¬ 
quently will be "a notable feature in the Imperial Capital and, apart from its 
historical value, it ia desirable that it be made, by suitable surroundings and 
proper restoration, as dignified as possible. 

The general plan = (plate XIII) of the observatory shows the following 


structures:—- 

(o) The Samrat Yantra {‘Supreme instrument ’ ), a huge equinoctial dial. 
Figures 40, 43-40 and plate X\ . 

(6) The Jai Prakdt, consisting of two hemispherical structures, just to the 
south of the Samrat Yantra. Figures 41 and 42 and plate X\ III. 

(c) The Ram Ytmira , consisting of two circular buildings to the south of 

the Jai Prakas. Figures 41, 47-4» and plate XV11. 

(d) The MOra Yantra C mixed instrument’), north-west of the Samrat Yantra. 

Figures 50 and 51 and plate XIX. 

(e) Two pillars south-west of the Mi£ta 1 antra. 

(/) A measuring platform, just south of the Misra Yantra. 

37 The Samrat Yautia is the central building of the observatory. It is 
til. kwl and moat imposing, although a considerable portion of it ia below 
the surface of the earth. It is, indeed, built into a quadrangular excavation 
some 15 feet deep, 135 feet from east to west, and 120 feet from north to 
south The structure is « feet high, of which 60 3 feet ia above the earth's 
surface • 125 feet from east to west, and US 5 feet from north to south, The 
details are exhibited in the plans and photographs (plate X\ and figures 40, 
etc) The essential parts are the inclined edges o( the huge gnomon and the 
quadrants attached to it.’ The edges of the gnomon point to the celestial 


, B,,„1W. «b hlpd J.i Starf'. ... K ‘?T ,or ,h “ 
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north pole, that is, they make an angle (28°37') with the horizon, equal (approx i- 
mutely) to the latitude of Delhi, and are parallel to the earth’s axis. The 
•quadrants (.M K GK 1), figure 35) are at right angles to the gnomon, and, therefore, 
the circles, of which they form part, arc parallel to the plane of the equator. 
These quadrants have each a radius of 49*5 feet, and are graduated on each 
edge in hours, degrees and minutes, 1 * * * the scales on the northern edges being 
marked in English and those on the southern edges in Indian symbols. The 
edges of the gnomon are marked with scales of tangents, as already explained 
(page 30, see figures 34 and 35). The shadow of the edge of the gnomon on the quad¬ 
rants gives the local time. In figure 40 the time is about ten minutes to four 
in the afternoon. The sun’s declination is found by observing which part of 
the gnomon’s edge casts its shadow on one of the edges of the corresponding 
quadrant (seepage 36). 

In the mass of masonry work that supports the east quadrant is a chamber 
which contains the Shaskth&m&a Yantra. This is a large graduated aid 60 
degrees in length, built in the plane of the meridian * and through a small 
orifice near the top of the quadrant the sun, as it passes the meridian, shines 
on the arc and indicates its meridian altitude, from which its declination can 
be directly deduced. The chamber was dosed up when the observatory was restored 
in 1910. 

On the top of the gnomon is a circular pillar, which was probalSly\used 
originally for rough azimuth observations, but which is now surmounted bv a 
small sundial uf the European type. This was probably constructed in 1910 : 
the pillar, but not the dial, appears in the Darnells’- drawings (figures 43 and 
44),* 


1 he lower part of the structure is now, more or less permanently it seems, 
below the water level of the locality. The height of the water varies 5 but 
for a great part of the year it covers the lower part of the quadrants and the 
steps and prevents access to the west quadrant altogether ; and it makes the 
structure useless for astronomical purposes. If the instrument is to be saved, 
means must be taken to prevent the water percolating to the foundations. 

According to Jai Singh, the Samrfit Yantra was built of stone and lime. 1 
Hunter and Thorn say that the edges of the gnomon and quadrants were 
id white marble, mid von Orlich speaks of marble staircases (see page 48), 
The quadrants are now faced with lime, but the time graduations are well 
marked with a soft black stone, neatly inlaid into the face of the quadrant. 
The graduations on the edges of the gnomon are scratched into the litne plaster 
surface and are becoming obliterated. 


“ equal to 41 Uirft-vrom .mdn-half. S«r 
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An examination of the Dauiells’ drawings and recent photographs (see figures 
43*46) shows that only minor alterations have Wei! made during the last hun¬ 
dred years. There is a slight difference in the entrance to the gnomon steps ; 
in the old drawings is shown & set of subsidiary steps to the right of the main 
steps on the gnomon ; and there was formerly no dial at the top of the 
gnomon. 

39. The Jai Prakas consists of two complementary concave hemispheres, 
situated immediately south of the Samrat Yantra. Their structure is Wat seen 
in plates XVfll and figures 41 and 42. Theoretically, only a single hemisphere 
is necessary, but, to facilitate observation, pathways are cut into the surface ; 
and the second Jai Prakas is so constructed thm the two instruments together 
show the complete surface. Cross wires were, originally, stretched across the 
hemispheres north to south and east to west, and the shadow of the inter* 

section of these wires on the concave surface of the hemisphere indicated the 

position of the sun. The surface of the hemisphere is marked with altitude and 
azimuth circles, the tropics and intermediate circles (declination parallels), etc., 
so that the position of the sun can be directly read off. Also there are * circles 
of the signs of the zodiac,' by which the particular sign on the meridian is 
indicated by the position of the suns shadow." In the Delhi instruments the 

cross wires' have been discarded, although the pins to which they should be 

fastened are still there ; and iron rods (2 inch galvanized piping) have been fixed 
at the centre of each Jai Prakaa. The pipes should be removed and the cross-wires 

replaced. 

The descriptions given by Hunter and Thorn seem to) indicate that there 
was, a century ago. onlv one Jai Prakas. Hunter’s words are : ** Between these 
two buildings (i.e., the Ram Yantra), and the great equatorial dial is an instru¬ 
ment called Shamlaft* It is a concave hemispherical surface, formed of mason 
work, to represent the interior hemisphere of the heavens. It is divided by 
six ribs of solid work and as many hollow places ; the edges of which represent 
meridians at the distance of fifteen degrees from one another. The diameter 
of the hemisphere is twenty-seven feet five inches." Thorn uses the same 
phraseology. The old drawings and photographs are ambiguous on this point, 
hut they show that the original structure has been altered considerably. Pro¬ 
bably there were two complementary instruments originally, but one of them 

had disappeared. . , .... , 

39 The Ram Yantra consists of two large circular buildings, complementary 

to each otter, situated aoutt of the Jai PrakM. Their general atruoture is heat 
seen in figures 39, 41, 47-49 and in the plates XIII and XIII. Each consist* 
uf a circular wall and a pillar at the centra. The height of the walla and 
-ill., from the graduated floor, is equal to the inside radius of the building 
measured from the circumference of the pillnr to the wall, era., 24 feet «i inches 
,„d the diameter of the pillar is 5 feet 3j inohee The walls and flour arc 
^.,. .-1 for reading horizontal ("azimuth) and vertical (altitude) angles. To 
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facilitate observation the Ifoor is cut up into thirty sectors, with the spaces 
between of the same angular dimensions as the sectors, viz., six degrees. The 
graduated sectors are supported on pillars three feet high, so that the observer 
can ' place his eye T at any point on the scale. The graduated walls are, 
similarly, broken up by openings, at the sides of each of which are notches 
for placing sighting bars. At Delhi there are no such bars in evidence but at 
Jaipur they are faced with brass and carefully graduated. At Jaipur the central 



Fjo, 47, 11 Am Yastha 1st thru it, 

pillar is replaced by an iron rod. At Delhi the pillar is graduated by vertical 
stupe* see figure 48), each six degrees inVidth, and these are necessary, ns a point 
im no top of the edge (not the centre) of the pillar is the centre for which the 
altitude graduations on the corresponding sector and portion of the wall are 

f**. Thv d tlea<ni P ticmB Swings show that up important structural 
iiltemtioM have been made during the last century. The Darnells’ picture 
igure 44), however, apparently shows a different entrance to the north Ram Vantra. 
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40. To tlie north-west of the Samrfit Yantra, and some 140 feet away, is 
the Misra Yantra. or ‘ mixed instrument,’ so named because it combines in one 
building four separate instruments. Of these the Niyai Chakra occupies the 
middle j of the building, and consists of a gnomon with two graduated semi¬ 
circles on either side (figure 50). These semicircles lie in planes inclined to the 
plane of the Delhi meridian at angles of 77° 16' W., 6S a 34' W., 68* 1' E. and 
75° 54' E. * 1 

The semicircles may be said to correspond to meridians at places whose 
longitudes differ from Delhi by these angles, and tradition names Greenwich 
observatory" and the observatory* at Zurich, “ Xotkey a village in Japan where there 
is an observatory, latitude 43" 33' N. and Longitude 145' 17" E. of Greenwich,” 
and “ Serichew a town in the Pic Island in the Pacific Ocean east of Russia 
latitude 48° 6' and longitude 153° 12' E,” 

Let AB (figure 30) be the edge of the Delhi gnomon, and ABD in the plane 
of the Delhi meridian. Let ABE make an angle S with ABD, then ABB represents 
a meridian at a place whose longitude difference from Delhi is 5. Let CX 
denote the direction of the sun when it is in the Delhi meridian, then the arc 
DP will measure its declination ; and if C.Yj be the direction of the sun 
when in the plane ABE, then EQ will measure its declination. On the Niyat 
Yantra the semicircle ABD is not marked, but ABE corresponds to one of 
the masonry semicircles, each of which is graduated north and south from E 
for the purpose of observing declinations. 

On either side of the Niyat Yantra, and joined to it, is half of an equi¬ 
noctial dial, constructed on the same principle as the large Samrfit Yantra. On 
the west side of the building is a second quadrant, the face of which is hori¬ 
zontal instead of being parallel to the axis. It is called the Agra Yantra or 
‘amplitude instrument/ aud its use does not seem to have been understood by 

the restorers. Hunter makes no mention of this. 

On the east wall of the building is a graduated semicircle called Dakshino 
vritti Yantra, used for obtaining meridian altitudes. The north wall of the 
Misra Yantra is inclined to the vertical at an angle of 5 degrees (figure 5t), 
and is marked with a large graduated circle. This is called the 
Karka Raid Valaya. or ‘ Circle of the sign of Cancer/ As the latitude of Delhi 
observatory is 28° 37' 35', and the obliquity of the ecliptic is 23* 27' 5' nearly, 
the zenith distance of the sun, when in Cancer, is 5 ldj , approximately, and 
the sun then shines over the north wall for a short period, and the shadow 
of the centre pin falls on the graduated circle. This may l>c the northern dial 
referred to by Jagannath (see page 39). 


i Tim, the augl™ giv4‘ii by I he RstjdiK but wwrrfing to the monument. of the who 

prrpJdlbr plm* tfa* ' «fh» *>* 77 ‘ “*■ Tb< * “ ***** 

““TX tmpli* that the longiu.de of IXlbi w- take* « 77* W E. of Omoawkh. it Wiry, 

7nrjfh obHtvfttofY iff 34* of Gtwflwifh. 

1 It may bo noted that Gneuwleb observatory was founded in lfl75, wtw> SO ywi it4onj that at Delhi 
waa built, but that Znnch ob«rv.tory did not come into e«*t«t» until 17511, M» «*l«n yearc after J*j 
. ^Ingli's death. + 
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41. In the front of the Misra Yantra is a platform 47 feet by 43 feet, on 
whit-Ii are traces of a quadrant of 20 feet radius. This platform was probably 
used for making measurements when the instruments were being constructed 
or repaired. 

To the south-west of the Misra Yantra are two pillars 17 feet apart, and the 
line joining their centres points 35° E. of north. These are mentioned in none 
of the accounts of the observatory. If they were part of the original observa¬ 
tory, they probably supported one of Jai Singh’s instruments, such as are now 
found at Jaipur (see figures 28 and 29). 

Hunter states that, to the west of the MiSra Yantra and close to it was a 
wall in the meridian with double quadrants, Jagaivniith, Jai Singh’s assistant, 
recorded 1 that, in the year 1651 1 of the Salivahana era, “ with this instrument, 
the latitude of Indmprasthfl 3 was found to be 28° 39 J north, and the maximum 
declination 23 s 28'.” 

To the west of the Sarnrat Yantra is a small building (a ckowkidar’s house) 
on which is fixed the .Jaipur flag. There is a tree south-east of the eastern Jai 
Prakfts that partially overshadows that instrument. The tree should, of course, 
tie removed. The whole observatory is enclosed by a mud wall about six feet 
high, with an entrance on the west side. 

4*2. History. The observatory at Delhi was the first one built by Jai Singh, 
and it is here that the principal observations were made, which were to form, 
the basis of his new tables, the Ztj MuJumunad Shahi, There is some uncertainty 
about the date of construction. Pandit Gobal Gbaud gives A.D. 1710, and Syed 
Ahmad Khfin gives 1724, The latter states that the observatory was built 
'* in accordance with the orders of the Emperor Muhammad Shall, in the 
seventh year of his reign,* corresponding to the year 1137 of the Ilijira” 

( = A.D. 1724-5)-* 

Jai Singh tells us * that he himself represented the question of preparing 
new tables, to the Emperor, who encouraged him to proceed. “ To accomplish 
the exalted command he had received, he (Jai Singh) bound the girdle of 
resolution about the loins of his soul, and built here (at Delhi) several of the 
instruments of an observatory.” This seems to indicate that the construction was 
started after Muhammad Shah ascended the throne. Also, Jai Singh himself 
tells us that seven years were spent in preparing the tables. In 1719 Jai Singh 
was appointed the Emperor's lieutenant at Agra, Jagannath records observations 
made at Delhi in A.D. 1729, The facts seem to point to 1724 as about the 
date of the founding of the Delhi Observatory. 

Jai Singh tell. 1 ' us that, at first, he constructed at Delhi brass instruments 
of the astrolabe type in accordance with the Muslim books . 7 These he found 
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to be unsatisfactory, and, therefore, he constructed " instruments of his own 
invention, such as Jai Prakas and Ram Yantra and Samrat Yantra . . . of stone 
and lime of perfect stability, etc.” In Jai Singh’s time, therefore, the observa¬ 
tory probably consisted of the Samiat Yantra, the Jai Prakis. the Ram ilanira. 
a mural quadrant, and some metal instruments. Of the present buildings, pos¬ 
sibly, the Misra Yantra was added by Madhu Singh, 5 ‘ who inherited no small 
portion of his father’s love of science.” 1 

43 . Early descriptions. There are fairly numerous references to the Delhi 
observatory in the accounts of travellers of the eighteenth and early part of the 
nineteenth century, and some of these are worth recording. Father Claude Boudier 
and another priest passed through Delhi in 1*34 on their journey to Jaipur 
(see pag 5 r. 6 )y and took observations of latitude and longitude at the observa¬ 
tory at Delhi. Unfortunately they have left on record no description of the 
observatory or the instruments. 

In 1795 Franklin, in his description of the city of Delhi , 1 wrote of the ob¬ 
servatory : “ It was built in the third year of the reign of Muhammad Shah, 
by the Rajah Jeyshg, who waa assisted by many persons, celebrated for their 
science of astronomy, from Persia, India and Europe; but died before the work 
was completed, and it has since been plundered and almost destroyed by the 
Jeits, under Juhwaher Singh. 

In nog W. Hunter published* a fairly complete account of the Delhi 
observatory. The list of buildings and the descriptions he gives show that, to the 
west of the Misra Yantra and close to it was a wall in the plane of the meri¬ 
dian, on which was described “ a double quadrant having for centres the two 
upper corners of the walls .... One degree on these quadrants measured 
2'833-inches.”* Also, in describing the ilisra Yantra. he makes no mention of 
the third quadrant {Agra Yantra) on the west side. Referring to the SamrSt 
Yantra he states " It is built of stone, but the edges of the gnomon and arches, 
where the graduation was, were of white marble, a few small portions of which 
only remain.” 

In 1603 Major William Thorn visited Delhi, and, later, gave a description 4 of the 
observatory. His description, however, is simply a summary of Hunters and he 
gives no additional information whatever, although he is sometimes quoted as 
an authority. 

Soon afterwards, the Daniella gave two illustrations * of the chief features of 
the observatory. These are here reproduced (figures 43 and 44) and they show 
that during the last hundred years very little alteration has really taken place ; 
but they show some small difference*, which have already been m entioned. 

1 j- ^4 

« An Account of tht present State 0 / Delhi. By Urtt. Fwnkli*. AtMt *«•«*«, wife 1903 , p. 431 . 
Muhstumble! !>hSh’* »Sgn cowtui-ncwi in 1719, and Juc Singh died io I*4a 

1 Asiatic iMapsfk*, v, IW 17"/. , 

« Rc no, mem , b »i ) iC umaiucd romrtly to a tbwMMidth aa met, tiut that u «-*» ftf>pft»xiakt«ly 2i 

tiic hi 4 . The nulitia waa ocjmeqnandy about 134 UxU 

* Memoir oj the tfor 0/ India conducted by Central Lord «« •« tale. f. I ft. 

* Oriental Scenery, 1SI3. part v. plate* *1X *nd XX. Tbo original dr* wiugi for ilt» pUb* mmt bar* 
beta mum About ji- IK 1794. 
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In 1843 von Orlich visited Delhi and made the following notes about the* 
observatory : “ It lies in the midst of many ruins ; but it was never completed 

and has been, unhappily, so wantonly dilapidated by the Juts that the shat¬ 

tered ruins alone are to be seen. However, enough remains to show the plan 
of this fine building ; the colossal sun-dials and quadrants, which rest upon 
large arches, are formed of red sandstone and bricks, and the ascent to them is 
by handsome winding marble stair cases,' 1 

Next comes Syed Ahmad Khan's description,* which was translated by Gaisin 
de Tassy." This account is not very reliable, but the original work contains 

some rough, but valuable, drawings of the instruments. We read: 44 Now this 

observatory has fallen into ruin ; all the instruments are broken, and all traces 
of the lines of division have disappeared, etc,” 

Later writers on Delhi give brief notices of the observatory with, in two 
oases, 4 interesting photographs, 

44. Past Restorations. Syed Ahmad Khan tells us that, in 1852, the Raja of 
Jaipur partially restored the Samrfit Yantra, at the request of the Archseological 
Society of Delhi: and, in the Proceedings of the Delhi Archaological Society of the 
6th January 1S53, we read : 41 It having been stated that the large gnomon 
of the Jnnter Munter had been repaired at a cost of Co/s Its. 442-1-10, 
leaving a balance of Co.'s Rs. 157-14-2 of the sura presented to the Society by 
the Rajah of Jeypore, for the repairs of that Observatory, and this being much 
too small a sum to enable the Society to complete the repairs, or even to build 
around n compound wall, which is absolutely necessary, for the security of the 
remains from further dilapidation, it was unanimously resolved that the Agent 
to the Lieutenant-Governor, Delhi, be requested to make known to the Rajah of 
Jeypore, through the proper authorities, the inability of the Societv to complete 
the contemplated work, without further funds.” For many years nothing further 
wa> done. In 1910, His Highness, the present Maharaja of Jaipur, sanctioned 
the restoration of the observatory at Delhi, and the work was completed in 
1912. I am]it (k>kftl Chand was placed in charge of the astronomical part of the 
restoration, which was carefully carried out. The work comprised the restoration 
of the buildings, the regraduation of most, of the scales, and, in the case of the Jai 
Prakas, practically the reconstruction of the whole instrument. Most of the 
facings and the graduations were done in lime plaster, but the main graduations 
on the quadrants of the Samrat Yantra are in a soft black stone, very neatly 
inlaid in the surface of the quadrants. The graduations in lime are already 
becoming obliterated. On the top of the gnomon of the Sam rat Yantra a sun¬ 
dial of European type was erected. 

On each instrument a tablet giving the name of the instrument, the date of 


vr _ ,1,'"/ L ?" dOI V 1W5, pm i<J ' (Th '‘ ^wunt in not ivlirtbU*, and, j Alu jiwliuwl to think, 

■* * hal * * *ht «t of .hi,,* ,1,1 «***, i„ 

1 Athir alX'wHiM ]S3;t. El^priatid 187a 
• Jonr< ui! ,\s,nti<inr, V. *v, JSOO, 5'Mf. 

7m An)>CKi ^ t <■»* lUmaiM tf Ddki, 1870 f *nd J|. C Ruth***, frim. 
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restoration, etc., was placed. Some of these were done in marble and some 
in plaster. Several of the latter are already destroyed. 

45. Future Restorations. The Delhi Observatory buildings are worthy of 
permanent preservation, not only on account of their scientific and historic 
value, hut as monuments to one of the most brilliant and remarkable princes 
of India, and as forming a dignified feature of the new Imperial City. 

The grounds surrounding the buildings should be enclosed by a low wall, 
and the grounds themselves should be ornamented only by a grass lawu. There 
should be neither trees nor shrubs, but there would be no objection to flower 
beds at a sufficient distance from the buildings. The buildings should be put 
into good order without interfering in any way with their present structure. 
The present pink colouring should be removed and a natural lime plaster tint 
substituted. The graduations should in all cases he made in some more perma¬ 
nent substance than lime plaster. At Jaipur marble and sandstone are both 
used, and at Benares the latter only. Marble, or some other suitable stone, 
should be employed. 

The Samrat Yantra (figure 40, etc.) is the most important of the instruments, 
and every effort should be made to preserve it permanently. Its foundations 
arc in a rectangular excavation, which is now partially filled with water. Ap¬ 
parently the bottom of this excavation is lower than the surrounding water 
level, and, consequently, the water percolates and covers the lower portions of 
the instrument. Not only is it damaging the structure, but it makes it useless 
for purposes of present observation. To get rid of the water is a problem for 
the engineers, and possibly they will decide to ' concrete ' the whole of the lower 
part of the excavation, and install a small electric pump. Unless some such 
means to exclude the water are taken, the chief instrument of the observatory 
will be utterly ruined. When the water has been excluded, the chamber con¬ 
taining the Shashth&m&a Yantra, described above (page 42}, should be opened out, 
and the instrument put in working order. 

The main graduations on the quadrants of the Samrat Yantra are suitable, 1 
and need not be restored at present, but the graduations on the edges of the 
gnomon need restoration badly. This necessitates the edges being rcfaced with 
marble or some suitable stone. The small dial on top of the pillar, that is at 
the top of the gnomon, should be removed. It is of no use where it now is 
and it prevents the pillar, on which it is placed, being used for its legitimate 
purpose. The sun-dial might be placed somewhere, out of the way, in the 
grounds. The space round the pillar is hardly sufficient for working purposes, 
and it would perhaps be as well to reduce the diameter of the pillar, or to 
place around it a railing for protection. (An examination of the Jaipur gnomon 
shows that some such arrangement would not be in opposition to Jui Singh's 
idea.) The top of the pillar should be graduated, as most probably it was 
originally, for rough azimuth observations, and should be made perfectly level. 


* It lb rt mistake. I think, to intrudwe European «*«■»■ and symbols. and I should like ta sw lb» edge*, 
lac mI with marble a* originally they were, and I ho old graduation* replaced. 
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The position is one for observation and could even now be used, in the spirit 
of the original design, for many purposes. 

The graduated parts of the Jai Prakas require re facing either with marble 
or other suitable stone. The original was in lime plaster, but it did not last 
very Jong; and in 1910 the facing was again done in lime plaster, but the graduations 
are already becoming obliterated (see figures 32 and 33). The central iron rod 
(galvanised piping) should be removed and the cross wires replaced. 

The graduation (in lime plaster) on the walls of the Ram Yantra are not 
so exposed, and consequently not so liable to deteriorate as those in the Jai 
Prakas. The walls of the Kim Yantra at Jaipur are in marble, but there the 
instrument is much smaller than that at Delhi. 

The Mifira Yantra graduations are all in lime plaster, and should all be 
done in stone or marble, This means re facing the edges of the gnomon, and the 
semicircular meridians, and inlaying on the quadrants, etc. 

The mural quadrant described by Hunter (see page 47), and no longer in 
existence, might be rebuilt. It was originally to the west of the Jlisra Yantra, 
but the space is somewhat limited there. There are examples at Jaipur (figure 
5t>), Ujjain (figure 02), and Benares to serve as models. 

The probable use of the two pillars marked on the general plan has been 
already explained (page 40). A brass instrument such as the UnnatamSa 
Yantra, or large Yantra Raj at Jaipur might be replaced. 

The tablets on the instruments should be restored and revised, and they 
should, of course, be placed where they can easily be read *; and should give 
the name of the instrument, its uses, dates of construction or restoration, the 
names of the original designer (in most cases Jai Singh) and the restorers. The 
English versions should be revised by a European astronomer.* 


» IT tnbfcla a* di^i to to read With ---- 

„“ “ 4 on the loitmnunts 

«* ““ ’’1™“ b ’" oU,h <» “"■»"««. lb* 

l " t” 1 ”' 90 ,b * Faliptie renirt over tbc plane ot Meridian/' 



























Chapter VIII.—JAIPUR OBSERVATORY. 


The elements for Jaipur Observatory are approximately as follows i— 


Latitude 1 . 
Longitude . 

Height afiove sea-level 
Magnetic declination 
Local time . 


2G a 55' 27 V. 

7G* 45' I8-7L 
1,582 feet. 

E. 1° 45' in 1915. 
is 2G minutes 13 seconds after standard time. 


46, The observatory is within the palace precincts about 300 yards east of 
the minaret. 1 It is in an excellent state of preservation and is one of the 
sights of the city. The general plan (plate XXI) shows the arrangement and 
some details of the instruments, which are also illustrated in plates XX ami XXII. 

Not only are there the usual masonry instruments, hut also a number of 
brass instruments of very considerable interest: and in the Museum, outside 
the city walls, are other brass astronomical instruments, that no doubt formed 
part of Jai Singh’s astronomical equipment. These latter have already been 
described in some detail (p. 16 seq.); some of them are of very great interest and 
value. The following list enumerates all the instruments in the observatory, and 
the more important of those Ln the museum:— 


MaSOXRY ISfSTBUMEXTS. 

Samrat Yantra. . Plate XXI. 

3ha»bt!iansa Yantra. . 

Blit Yalaya .. Figures 54 and 35 . 

Jai Frakai .. figure 30 . 

Kapala . 31 . 

Rim Yantra 59. 

Dignrbfia Yantra . Plate XXL 

Smaller Samrat Yantra . Figure 52. 

N&ri Yataya Yantra ., . „ 53. 

Dakahifiovritti Yantra . 56. 


Metal IttstRcmekts, 

Chakra Yantra , . Figure 57. 

Krantl Yantra ... „ 58. 

Unoataiii$a Yantra ........ 

V antra Raja or Astrolabe . .Figures 28 and 29, 


In the Mtmum. 

Astrolabe A. 

B. 

» D. 

2arqali astrolabe. 

Miscellaneous ...... 


Figures 5 and 7. 

,, 6,8. and 13. 

,, 10,11 and 14. 

„ 19 and 20. 

„ 26.27. 


1 Tlit position af the p«We mlnoivt (Isri Lit), stout S0O yiwde to the mist of the obscrvtUirv totb* 
niirt. is Lot. 20* ;iiV 27’4' N., Lang. 73* 4fl' IS'o' East of Greenwich. Titf&ntlwdvr gave for Jaipur 26* 53' 
N- ftml 73* 43 Boat of Baris, Father Bondar gave for tbt observatory Lat. 36* 36’ N. nod Long. 73® 
30' E. of Baris. 8w png? g, 
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47. Samrat Yantra.—The large Samrit Yantra is situated at the south-east 
corner of the observatory enclosure. It Is the largest of all of Jai Singh’s 
instruments, being nearly 90 feet high and 147 feet long, the radius of each 
quadrant being 49 feet 10 inches. It is graduated to read to seconds* but this is 
impossible in practice, owing to the ill-defined shadow (i.e., due to the size of 
penumbra). The tangent scales on the edge of the gnomon (see p. 30) cannot 
now be used, owing to the instrument overlooking the palace zenana enclosure. 
The readings of the quadrants appear to he slightly inconsistent, the eastern 
quadrant giving readings that are about two minutes out, as compared with 
the time registered on the western quadrant. 

The general structure is the same as that of the Delhi instrument, but it 
is of somewhat more elaborate construction and on a larger scale. Like the 
Delhi instrument, the foundations are below the ground level, but the floor is 
•pukka, and proper arrangements are made for drainage. 

Shashtamsa Yantra.— The 9hashth5msa Yantra, or sextant instrument, is 
a huge convex arc of 00 degrees, and of 2S feet 4 inches radius, lying in the 
meridian. There are two pairs of such arcs built into the masonry that sup¬ 
ports the east and west ends of the Samrat quadrants. Small holes in the 

roof of each structure allows the sunlight to fall on the arc at noon, The 
instrument is capable of giving very accurate results, but the readings are said 
to be in error to about 4 minutes. 

Rasi Valaya Yantra,—The RSsT Yalaya, or ‘ecliptic instrument,’ consists of 
a collection of dials, situated on a platform to the west of the Samrat Yantra 
(Plate XXI and figures 54 and 55). There are twelve such dials, one for each 
sign of the zodiac (that for CaprioomuB is seen in figure 55), and each instrument 
is exactly of the same type as the Samrat Yantra, but the quadrants lie, not 
in the plane of the equator, but in the plane of the ecliptic when the parti¬ 
cular sign is on the horizon, and the edge of the gnomon then points to the 

poli j of the ecliptic ; consequently, at the proper moment the instrument indi. 
cates the sun's latitude and (with appropriate graduations) longitude. The radius 
of the quadrant is 5 feet 6 inches in the case of four instruments, and 4 feet 
H inches in the ease of the other eight. The contemporary lists do not mention 
the Riisi Valaya. 

Jai Prakai. The Jai Prakai is constructed in the same manner as the 
Delhi instrument (Plate XXI and figure 30). The principle of the instrument 
has already been explained (p. 37). It was completely restored in 1001, in 
white marble, and the various circles were then marked indifferent colours, 11 It 

1S 17 teet 10 inches m diameter. The instrument shows time and declination, 
and the signs on the meridian, 

Kapala,-— The Kapala is another hemispherical instrument, and is peculiar 

t0 Ja,pu f <figure 31 There examples—one being a hemisphere with its 

upper edge representing, as in the Jai Prakfii, the plane of the horizon, while 
in the other it represents the solstitial colure. The latter indicates 'rising signs’ 
instead j m-ndrnn signs. Each Kapala has a diame ter of 11* feet and is a 

1 Tbfc cqIouis huYc jsiure dkippeattd, 
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complete hemisphere, that is, no pathways are cut, as in the Jai PrEkas. The 
graduated rims, are in marble, but the remainder of the surfaces are in lime 
plaster. 

Ram Yantra.—There are four instruments in white marble (plate XXI and 
figure 59), but all of them are quite modern (? 1891), and were made according 
to JagannSth’s instructions. In principle they are exactly the same as the 
instruments at Delhi, but are much smaller, the larger pair being 23 feet 11 
inches in diameter. The sectors are twelve in number, occupying 12° each in 
one instrument, and 18° in the other. For an explanation of the construction 


see p. 37, 

Digamsa Yantra.—The Dignmsa Yantra or azimuth instrument has already 
been described {p. 38). There is no such instrument at Delhi, but there are 
examples at TJjjain and Benares (Plate XXI), 

Nari Valaya Yantra. —There arc similar instruments, but much smaller, 

at Ujjain and Benares. The instrument at Jaipur is a masonry cylinder some 
10 feet in diameter. 1 The axis of the cylinder is horizontal and in the plane 
of the meridian, and the parallel faces, which form the dials, arc in the plane 
of the equator. The dials are graduated into ghais and palm, and also hours 

and minutes. According to Garrett, the southern face was added by Jai Singh's 

grandson, Maharaja Purtap Singh. 

Dakshinovritti Yantra.— The construction of the Dakshino Vritti Yantra, 

or mural quadrant, is clearly seen in plates XXI and figure 50, It ia of I he 
same principle as the similar instruments at Ujjain and Benares (that at Delhi 
has disappeared). On the east face arc two quadrants of 20 feet radius, and 
on the west face is a semicircle of 10 feet 10 inches radius. It was used for 


taking meridian altitudes. 

The metal instruments have already been described in detail (page 18 seq.). 

48. History.— Jaipur city was built about A.D. 1738. and the observatory 
was constructed about A.D. 1734. The earliest detailed description is that by 
Tieffeuthaler, a Jesuit Missionary, who travelled lit India from 1743, the date 
of Jai Singh’s death, to 1780; but the earliest reference to the observatory is 
possibly that by Father Boudicr, who, with another priest, visited Jaipur in Ia34, 
and made observations. He makes no references to the instruments,* and they 
were possibly only in the course of construction at the time of his visit. He, 
however, made observations for the determination of the latitude and longitude 

of the observatory itself. 11 

Tieffan thalers description 1 of the observatory is as follows;- 

« But a place that deserves detailed description ia that where astronomical 
observations are made: it is such a work as is never seen in this part of the 
world, and, by the novelty and grandeur of the instruments, strikes one with 


1 In the «wrml pUa (pfefcZXn the wpportk* mtu-enry *«>»* ■* * h “’ u - hwt fifurL ' ' 3 

t Neitber d™, Z JT.ny reftreoe* to the .1 *he H h lie them 


lung aller the uWrviUiry wsa bnilt. 

» {silt* 1>P. S« VW fl - 

* Da aPoiff JoAtph Tieffatkokr* 
p. 244/. French edition* 
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astonishment. This large and spacious observatory is close to the King’s palace 

It is situated on a plain surrounded by walls and was constructed "especially 
for the contemplation of tbe stars. J 

■ On CTltnn., one first sees the twelve - figures of the Zodiac, all amtnaed 
m a large circle, and made of purest lime. Next are seen diverse sections of 
the astronomical sphere, fixed according to the height of the pole at the place- 
w,th diameters of 12 or more Paris feet,' and besides these, some large ami small 
equinoctial dials ami sot* astrolabes made in lime, also a meridian line and 
b horizontal dial engraved on a very large stone. 

“ But what attracts most attention k a gnomon (<*»', rem a, k „ble 

or s ‘Mg' o 0 Parts feet,-and for its thickness—constructed in brick and 
I,me situated the plane of the meridian, with an angle equal to the height 
cl the pole. On the summit ol this gnomon is a belvedere, which overlook s! 
the town and is so high that ,t makes one giddy. The shadow of this giZfo 
gnomon falls on a prodigiously large astronomical semicircle, of which tlfe horns 
arc turned towards the sky. ft i, artistically cons,tooted i„ whitest lime Z 
gypsum, and ts graduated m degrees ami minutes. In the morning the Zdow 
falls on ho western quadrant, and in the evening on that towards thT,** 
and, as the gnomon lies between both the quadrants, the sun's altitude i 
found at any moment- A double dial, constructed also in lime ' " 

theac quadrants. It la enclosed i n a kind of cliamW ■ . seen " ear 

it Is raised. When the sun passes the meridian » r «v of tL^a^e^ 
each of two holes pierced in a sheet of copper, and w h™ n . tei " t irough 
on the middle of the two quadrants, low in summer and i/ l exoctl T 

sun is in the meridian sign, and its meridian height is indicate! ** *** 

“The instruments which follow have similar JdolT 'c 
very large astrolabes cast in copper, suspended by iron ' rin® 

of cast copper, fitted with a rule (or alhidade), and elevated th T?*, ^ 

the pole, suitable for determining the declination of the s„„_ f / 

this nstmment towards the sun, it will indicate the declination or ' 

“I pass over in silence other less important inst ' grourid 

which detracts from the value of the observatory b that ^ a matter 

surrounded by walls, the observer cannot see the rising nnr i' JL* situation 
also the dial, gnomon and other parts Wing m jw . S ' t,llg of the stars i 
making very exact observations.” P'^tr prevent one from 

49. Restorations. —The Jaipur observatory, being situat a * 
precincts, has been carefully preserved, and has been :i i,] T ^ pftlac<J 
tirue. Possibly the IUsI V a lay a was added after Jai Singhs ° time to 

some of the brass instruments were brought from the ^ «? P-Ur 
have no direct information on these points. Some additions * b 1 We 

been made In 1891, and in 1901 Hi* Highness the present \j*i^ ^ 
restore the observatory completely. The services of Lieutenant 

R.E. t w^ere lent md the work was finished in 190 s ? , L - t 

_ ">toch year also Lieute- 

1 12 Puri* t - L^-8 EfkgUith fi-et a 
a m (iHrl =e74|i Ettglisli appmxilnAtelv, 
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nant Garrett, assisted by Pandit Chandradhar Guleri, prepared and published 
an account of the observatory. This account, as far as the descriptions of the 
instruments are concerned, is an excellent one, but the parts relating to the 
history of astronomy arc not so reliable. It is difficult to judge of the work 
of restoration, as no reliable account of the observatory before the restoration 
took place is available. Colonel II end ley, in 1880 , gave a rough plan of the 
observatory, and a list of the instruments/ but not in sufficient detail for purposes 
of comparison. 

Lieutenant Garrett's work has been somewhat severely criticised in one 
respect/ He found that the Rasi Valaya instruments did not accord altogether 
with his idea of their use, and altered the angles slightly. He assumed that 
each instrument corresponded to a ‘ rising sign/ and was to be used at the time 
of rising of the particular sign for the measurement of celestial latitude and 
longitude. The following table show's the actual alterations made in the twelve 
instruments corresponding to the twelve signs:— 


SigDB. 

Measurements or gnomons 
reform alteration; 

3Iea* *e‘KEjients of GNOMONS 

A ITER ALTERATION. 

Azimuth. 

Altitude. 

Azimuth. 

Attitude. 








e> f 

& * 

& t 

6 l 

Aries 







—26 0 

21 0 

-23 m 

24 32 

T&unm * 







—21 30 

15 30 

—21 17 

14 25 

Gemini . 







—12 30 

7 0 

—12 10 

6 36 

Cancer , 







0 0 

3 30 

0 0 

3 28 

LeO ■ 







12 30 

7 0 

12 ID 

6 31 

Virgo * 







21 30 

16 30 

21 17 

14 25 

Libra . 

# 






26 0 

27 to 

25 50 

24 32 

Scorpio * 







£6 0 

33 0 

25 37 

35 33 

Sagittarius 







IS 0 

46 30 

17 40 

45 42 

Oapricflnras 







0 0 

50 30 

0 0 

60 £2 

Aquarius 







—18 U 

46 30 

—17 40 

45 42 

Piston * 







—26 6 

as 0 

—26 37 

35 33 


Maximum alentivn 0 St 1 t 2A 


1 London Indo-Cblonial Exhibition in I8S& Handbook 0 / the Jttfport Court*. ]-|>, 39 f2 

* Indian Antiqftn no XXXV. JD06 P p> 34. 




































Chapter IX,— UJJA.Es OBSERVATORY, 


Latitude. 

Longitude , 

Height. 

Magnetic Declinat ion . 

Local time is 26 minutes 52 seconds 


. 2S°10'18’K, 

. 75° 46' 2' E. of Greenwich, 
, 1500 feet. 

. 0° 45' E. (1915). 

: standard time. 


50. The observatory is situated to the south-west of the present city, in 
the quarter called Jaisingpura, on the north bank of the river Sipxa. From the 
Water Works it is half a mile west, The general situation is seen in the attached 
map, and in figure CO. The river bank is corroding away, and about a quarter 
of a mile to the oast of the observatory is seen the remains of a well, now 
standing in the river itself. The observatory is 125 feet north from the river, 
and is hardly in danger owing to this proximity ; but the drainage about the 
observatory is not under control. There is a small, and, apparently, fresh nullah 
quite close by, and the foundations of the Digariisa Yantra have already been 
partly worn away. 

51. The observatory now consists of the following instruments:— 

(а) The Samrat Yantra. 

(б) The Dakshino Vfitti Yantra. 

(r) The Nan Valaya Yantra. 

(rf) The Dignriba Yantra. 

These arc all in a state of rum. The foundations of the DigatiiAa Yantra 
have evidently moved, and its walls are badly cracked. The Dakshinovritti 
Yantra is inclined to the perpendicular at an angle of about 5 degrees. This 
i? possibly due to the faulty structure, for the foundations for this heavy mass 
of masonry seem to be inadequate. The Sam rat Yantra is in a dilapidated 
state, and the styles and graduation have disappeared from the Nari Valaya, 

Of the Samrat Yantra only a skeleton remains. In the general plan (plate 
XXII ) it js shown as though complete, but figure 61 shows its actual present 
state. It is, practically, of the same size as the one at Benares, and the smaller 
one at Jaipur, namely, 22 feet high, the edge of the gnomon 47 J feet, and the 
radius of each quadrant 9 feet 1 inch. In 1706 or thereabout, when Hunter 
visited Ujjain, the quadrants were divided into ghatis and subdivisions. From 
the edges of the quadrants, where they intersect the walls of the gnomon, lines 
at right angles {(III, EF figures 34 and 33} were drawn on the gnomon, and 
perpendicular to its edge. From the points {//, jF 1 ), where these lines meet the 
edge of the gnomon, scales of tangents were marked on the edges. All these 
graduations have disappeared. (For the theory of the instrument see page 36.) 

The DakshinovrUti Yantra ( { Meridian instrument T ) is shown in plate XXIV 
and in figure 62, The masonry work is fairly intact, but the graduations have 
disappeared. The instrument was originally something like that at Jaipur 
(figure 56). It consists of a wall lying in the meridian, and on its east face was 
a double quadrant, the centres of which were at points near the ton comers 
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of the wall and 25 feet apart. A portion of one quadrant is still visible, 
engraved in the lime plaster with which the wall is faced, but this is probably 
not the original graduation. On the ledge below the quadrants there are traces 
of a scale of tangents. On the west side is a flight of steps (figure 02) leading 
to a narrow platform at the top. At the south-west end of this platform is a 
small pillar, 2 feet in diameter; according to Hunter this was “graduated 
for observing the amplitude of the heavenly bodies at their rising and setting ” ; 
and was called Agra Y antra (‘amplitude instrument ’). The grad nations have 
now disappeared. At the middle of the platform, and on the east side, is a 
small projection of the parapet, 2 feet U inches long and deep. On this, Hunter 
tells us, was “constructed a horizontal dial called Puehha \ miter " There is 
no sign of this dial now. 

The Nari Valaya or ‘ Circular dial ' is constructed on the same principle 
as those at Benares and Jaipur. It is situated a few feet to the south of the 
8amriit Yantra, and consists of a cylinder 7i feet long 3 feet inches in dia¬ 
meter, whose axis is fixed horizontally in the plane of the meridian, the face, 
of the cylinder being cut parallel to the plane of the equator. In the centre 
of each face, and at right angles to it, was an iron style, round which was a circle 
graduated into ghahs and subdivisions. The styles and graduations bnve disappeared. 

The Digamsa Yantra is similar to the one at Benares. It is situated quite 
close to the Samrfit Yantra on the east side and consists of an outer circular 
Avail. 3fi feet 10 inches in diameter and 8 feet 10 inches high. Concentric with 

this is another wall. 24 feet 4 inches in diameter and 4 feet 6 indies high. 

Originally there was a pillar at the centre, but it has bean removed. Cross 
wires were stretched north to south and east to west on the outer wall. At 
the four points of the compass, in the outer and inner walls, were arched open- 
ings but till of those in the outer wall, except that to the west, have been filled 

up. The outer walls are badly cracked, and a great part of the foundations is 

now exposed. This is due to the bad drainage of the slope te the river. The 
nullah that passes close by the Digamfe Yantra could easily be diverted. In 
Hunter’s time the building was « roofed with tiles and converted mto the abode 
of a Hindu deity,” so that Hunter was unable to examine its construction. 
This is of interest, as showing that, even in the eighteenth century, the instrument 
was no longer used for astronomical purposes. Hunter also writes 1 : l ram a 

fled before the brazen fronted Mars, and the observatory was converted mto no 

arsenal and foundry of cannon.’’ . 

52 . There appear to be no records of any astronomical instruments at 

Ujjnin, earlier than those installed by Jai Singh. The date of the construction 
of his observatory is uncertain, but it was probably between * 

A.D. 1734 (see page 139). There is no record as to whether, or not, the instru¬ 
ments were ever used for actual systematic observation, but we ’now 
the end of the eighteenth century, they had ceased to be so used. 


* There b MIDI' ambiguity in Hunter’* reference but Fwtny Purk, - llMdtrfag* b^n cTnwud "into 
IL 20D>,«™ it inn, a -S.bWy, tor the say, = “The observatory »t Oujc. hn, since b*n convert mto 

an araptuil nnrl foundry &f Fan-titm-'' 


urn’ Mir*-i 1 *’■ ’ ■ 

Her information wn* obtained from Hunter. 
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Tlie earliest known description of the Ujjuin observatory was by the Jesuit 
priest, Tiefien thaler. who travelled in India from 1743 to 1780. His account 1 

of the observatory is as follows 

“ Not far from there is a suburb built by Djesmg, King of Dj6pour, a ci-devant 
governor of this province (M&lwa). An astronomical observatory is to be seen there, 
with instruments, made of cement : namely two equinoctial dials, one largo and one 
small ; a gnomon (mm mandi) elevated according to the height of the pole at 
this place, and set in the meridian ; and on either side of this is a quadrant of 
a geometrical circle; also a dial made in lime, ami a meridian wall in stone." 

The only other account of any value is that by Hunter (from which we 
have already quoted) who accompanied the Agra Resident's expedition to Ujjain 
in He briefly describes the inst rumen tit, and he states that Jai Singh 

determined the latitude of Ujain to be 33° 10' N., ami Hunter himself took con¬ 
siderable trouble in verifying this result, which he considered correct to the minute.' 

53. Restoration.—There has been considerable discussion as to the best means 
of preserving Jni Singh's observatory at Ujjain : and it has been suggested that 
it should he restored and improved, so as to be of help in the work of reforming 
the Hindu calendar. The instruments, as they now stand, arc, however, far 
too dilapidated to be restored satisfactorily for practical purposes. They should 
be preserved as relics, and only restored to such an extent as to show them, 
more or less, in their original state. To attempt to do more with them would 
be foolish. Originally the instruments were by no means the best devised by 
Jui Singh, and they never were instruments of accuracy in the modem sense. 
The work of rest oration should have for its end the proper preservation of the 
instruments in their original form : and to this end 1 make the following suggestions:— 

(i) The drainage should be properly regulated. (It should be quite a simple 
matter to divert the drainage from the foundation of the instruments.) It also 
may be considered desirable to const met some protection on the river front, 
(it) The ground surrounding the instruments should be levelled ; the trees re¬ 
moved, etc. (iii) b<*r the particular instruments the following suggestions are 
made: (a) The SamrSt Yautra.—This should be restored on the same lines 
as the Renans instruments, but European graduations and symbols should not 
be employed. (h) The Dakshinovritti Yautra presents considerable difficulty 
because of its list. The only solution seems to be, to take it down and rebuild 
it stone by atone on a secure foundation, (c) The Digamea Yantro presents no 
great difficulty, but parts of the walls will have ■„ I., taken down and rebuilt. 
Its permanent preservation is a matter of drainage. The cross wires should be 
replaced, and the graduations on the walls remarked, (rf) The Nan Valuya 
requires regraduation and the replacement of the styles, 

Ujjain, the Greenwich of India. 

51, tljjam (the of the Greeks), or Avanid, as it was often called, is 

mentioned in early Hindu Astronomical works as situated on the prime meridian, 
and tra dition also makes it the centre of astronomical learning in India. 

Ifimiwimh* IfltypnjAfrAl ifcfd tmhwmg ton /; rr* vnL :* 246. 

* v4*r(iJfif Bt#rarrA(4 V w 17P9, j*, 164 1. 
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In the PanchaMddtenim {xiiL 17) we read: “Ujjayiiu is near to Lankft, 
bein» situated to the north on the same meridian: hence the noon of the two 
place* occurs at the same time, but their days are unequal with the exception 
of the equinoctial days/' The latitude is given (v. 19) as 24° N. and “the 
mdiktis, arising from the difference in longitude from Yavana, are seven and a 

third in Avanti, nine in YarSnnsi.’* {vi, 13.) 

The Surya SiddUnta (i, 62) says: " Situated upon the line which passes 
through the haunt of the demons. 2 and the mountain which is the seat of the 
Gods* are Robitaka and Avanti, as also the adjacent lake. 

Albirum'8 discussion of the position of Ujjairi is of considerable interest. 
11c writes 4 : “All canons of the Hindus agree in this that the line connecting 
1 aiika with Meru divides the onroupcVjj lengthwise in two halves, and that it 
passes through the city of Ujain, the fortress of Robitaka, the river Yamut*.‘ 
the plain of Tftneshar, and the Cold mountains. The longitudes of the places 
are measured by their distance from this line. On this head I know of no 
difference, except the following passage in the book of Aryabhata of kusumapurn . 

_* people s&y that Kurukshetra, i.e., the plain of Tanoshar. lies on the Imp 

which connects LankS with Mem, and passes through Ujjain. So the}- report 
on the authority of Pulisa.’ But ho was much too intelligent not to have 
known the subject better. The times o! eclipses prove that statement to he 
erroneous and Prithusvamin maintains that the difference between the longitudes 
of Kurakshetra and Ujjain is 130 yojaiias.’ These are the words of Arys- 
I,hats Ya*Kflb Ibn Tirik' says in his book, entitled the OmpcU,or, of Ac 
Spheres, that the latitude ol Ujjain » «} degrees, but he does not say whether 
it lies in the north or south. Besides he states it, on the aothonty of he 
hook AtrArUni, to be 4| degrees. 1 We, however, found s totally different at.- 
tnde of Ujain in the same hook in a calculation relating to the distance between 
Ujain and Almansiira, 1 which the author calls BrahmapavAta, i.e., Bamhanws 
vL latitude of Ujain, 22’ 49'; latitude of Almangura, 24 1 . ° 

same book, the straight shadow in Lohaniyye,” I.ohara.u. ts 5} 4£. On 
the other hand, however, all the canons of the Hindus agree “*£«“**■ 
latitude of Ujain is 24 degrees, and that the sun culminates over it at the tune 

of the summer solstice. _ _ 

■ v.vmm „ «-*■» .wi,; -jrsssjE "rjt 

krlT Tl... United. » w n»ie..n, r «• red «• O' «*■ 

* IjulkA. 

* Mount Mo ru. 

* Mi* (By E. B*cb.uj5.3l«. Strict B | Multan. l*. 

» * At Mntburil ai^rding to Alblrilni (k 308)- he say* 

wab deserted tn Ai-hirHoT a limen 

■ 1 FL circs A.E 4<Hl r 

-rrrr." 

id p C fbA m ib« A«rSfa#* Ptoleaiy. to* = - J I j ^ 
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Again he says (4 308)The city of Ujain, which in the tables of the 
longitudes of places is mentioned as Uzain, and as situated on the sea, ja in 
Teality 100 yojana distant from the sea, etc. 5 ’ 

Bhaskara in his SiddAanta Siromayi (Gan it a. vii, 2) writes:—■" The Hne which, 
passing above Lanka and Ujjayim and touching the region of Kurukshetra and 
other places, goes through Mem—that line is by the wise regarded as the central 
meridian of the earth.” 

Bhfiskara also mentions Ujjain, in several other connexions, as the place of 
Jsent longitude, and he gives its latitude as 1 one sixteenth of the whole circum¬ 
ference, north of the equator." This is equivalent to 22 h degrees north, whereas 
the latitude of the present city is about 23* 11*, that of Jai Singh's observatory 
being approximately 23 10' 24'’, Another value was obtained from the length 

"f the equinoctial shadow, which was given as 5 dundas 10 minutes, or 310 
minutes. This is the shadow of a gnomon 12 (Uthdas or 720 minutes high, and 
hence the latitudes tan -1 f} = 23* 17' 40’, 

55 ‘ T!,g question of the formation of a new observatory at Ujjain is one 
"t great importance. Ijjain is one of the most ancient astronomical centres 
m the world, and not only should it have a modern observatory, but it should 
be the centre of Hindu astronomical teaching. Perhaps, one of the most 

impoitant pj.utiiul questions to settle is the position of such an observatory, 
which i-> to be the position of zero longitude for Hindu astronomers, and is to 
accord with the traditional position of zero longitude. To assist in this very 
important matter the annexed map of Ujjain has, with the assistance of the 
Resident of Gwalior, the Director-General of Archeology and the Surveyor- 

Genenl, been produced. The Trigonometrical Survey point on the map is Hill 
1 ( 17 ^ whose longitude is approximately 75*46^44', and latitude approximately 23* 

<J X 7 th r lti8 *^®ubt.fiil whether there ever was a fixed position in ancient 
jjain, which was considered as of zero longitude. Rather vaguely, the old city 
( jjam—to the north of the present city—was meant; or, it is just possible, 
that Jai Singh considered this point when he located his observatory to the 

ti f tlit present iity t and that the site of Jai Singhs observatory is the 

traditional place—but this is doubtful. The plan now to follow is to fix upon 

° f the neW observat °ry and determine its longitude and latitude 
independently of tradition. The accompanying map should be of help in obtaining 
the first approximations for the longitude and latitude of such a position, and it 
is hoped that it will be of use to the Pandits of Ujjain. 


1 Afltonomif Jndir* 


■«, Pnn«, 1947, p. Ho, 
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Chapter X.-BEXAR ES OBSERVATORY. 


latitude 
Longitude . 

Heigh* above sei i level 
Magnetic declination 
Local time 


. 36 * Iff 24 9' N. 

. 83 ° 0 * m -1 r R. of Greenwich. 

, feet, 

, H. (f 43 ' Of I*)- 

, % miijuW* 3 f««nik before «Und*rd time. 

30 The observatory is -ifiatcd on the roof «l the ol<t put of *hv bmMie« 
known" a the MSrraendire, whbh w„ beil. by Min Blngh. • Ml* «* 
who floret, nt the be*™,* <■, the *—■f'J““ 
ieM , This. building College. The 

Kotljiku gh.it, an. , ^ trw ,,'from the vily Wing through 

proper opproarh b h „ ^ ■ „ ot vtty mhteetaBl in it* general 

narrow, nnsnv.nin ■ > • . k ri foe* * ..id window. 

whi Vthe *« mSmT* ***** »» **™! - 

overdo centuyy* niter it ... 

SS! the itomuM U**» tn l-v* 

begtunms * «* j the nineteenth century it n. Tutored. 

enlarged, 1 and about supports the observatory " l ” the 

In figure U the l* 1 ***. y " ig ^ above the three balconied window*. 

nTr-X- . . 1 tkl hnMin * *'■“ • VA ’ 7 ’ 

brger B.mrM <*« ■ *« ***** *■ «"*» *“*" «»• 

,, Dnkshipovptti M 

,,n ‘v 7,1 ", U i» another Dekshinovptti jentra, not shown in the pbu. 
and to the -mill _ ^ ^ lor levelling purposes. 

The gloves shown “']* V ^ type „ those nt the other 

57. The Samiftt Van * Viiain ami the smaller one at 

observatories, ^ the edge of the gnomon is 3& feet «| 

Jaipur. Its Height ~ J ^ quadrant b 0 feet 11 inches {see p. 30). 

inches long, ami the ■ nimdrants are faced with sand-stone, and 

The edge* Of the gnoraon end ^ holi-hour is 

the grad nations W--WJ one .old, the north edge being 

marked by two miaul metal ^ ^ ^ b in European 

i^to minutes and quarter minutes ; and 
figures. Each edge U d The edgM 0 t the gnomon are gTa- 

akeo into degrees am ■■ , (we pa ™e jfl), A comparison between 

diluted with the usual tangent scales (see page 

*!.<*•«< ***"" dtmtaf. n* biter te Pi" ia ***«" 

4 C«.|*r C-mptelV. dtiwine (flpw «l ■* ' ir * ,r,n,! 

4 |i i ^ by 1>n ^ 
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fi drawing made about 140 years ago (figure 67) and a recent photograph (figure 
66 ) shows that very little alteration lias been made, the only noticeable being 
the ink hi metal discs already referred to, the employment of European symbols 
and the division into hours instead of ijhatis. 

On the east wall of the gnomon are two graduated quadrants (figure 66 ), 
used as a Dakshinovritti Yantra or meridian instrument. Each quadrant has a 
radius of JO feet 7 inches. The shadow of one of the pins (fixed at the top 
of each quadrant) gives the zenith distance at noon, and zenith distances of other 
heavenly bodies could be observed directly, by moving the eye along the appropriate 
quadrants. Under these quadrants i- a platform (shown in the plan) for the observer. 
Apparently, in 1773. these quadrants were not in existence (ste figure 67 ), but 
according to Pandit EapU Devn Sastri they were therein 1865. 

The other Dakshinovrit I i Yantra is a self-contained instrument., consisting 
of a wall lying in the meridian, on the cast face of which are two quadrants, 
each of 7 feet 9 A inches radius. Sir Robert Barker in 1777 stated that the 
quadrants were of different radii, the larger of which he judged to be 20 feet. 
If his description be correct, the instrument must have been entirely rebuilt 
later on, possibly when the Manmandira was added to. In I 860 , to the east 
of this instrument were three circles of 10 feet 3 inches, 2 feet 4 inches, and 3 
feet 5 inches, respectively, in diameter; nnil also a stone square with sides 2 feet 
2 inches. The circles were possibly used for construction purposes. 

The smaller Samriit Yantra calls for little remark. It is 8 feet 3 inches 
high,and the radius of the quadrants is 3 feet 2 inches (figure 65 ). If the early 
drawing (figure 67) is correct, the instrument has been moved from its original position. 

The Nari Valaya (‘ circular dial '), or Uttara daksh i/ia Gofa (north and south 
dial), is a cylindrical dial — the axis of the cylinder pointing north and south, 
and the northern and southern faces being parallel to the plane of the equator. 
At the centre of each face, and at right angles to it, is a short iron style sur¬ 
rounded hv two circles— the outer one (on the northern face) 1 graduated in 
hours, etc., and the inner one in ffhatis, etc. Besides serving as an ordinary 
dial the instrument marks the equinoxes, since the northern face can only be 
used for sun observations when the sun us north of the equator. The inscrip¬ 
tion or* the instrument reads " Na rival ay a Dakshin and Uttra Gofa. The use 
of this instrument is to find whether the heavenly bodies are in the northern 
or southern hemisphere, ft gives time also/* 

The Digamsa Yantra Azimuth instrument ’), marked DD in the plan, is the 
large circular building at the east of the terrace. It is partly visible in the 
general view of the Manmandira (figure 64 ). The exterior diameter is 31J feet, 
the outer wall is 8 feet 4 inches high and the inner wall and central pillar 
are each 4 feet 2 inches high, and an iron rod fixed to the central pillar is of the same 
height as the outer wall. The tops of both walk were originally graduated 
into degrees, etc . ; and cross wires were stretched north to south and east to 
west on the outer wall. The use of the instrument is to measure azimuths 


1 There is mmc mil teuton that thi* iflrtnwvttt wjm orwiamlI> mud.- for northern otwemuion* only. See p, ?|» 
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OT horizontal angles (see page 38), but it is now “ f >| tie practical use, b 

to its being surrounded on all sides but one by buildings. 

To the south-east of the DigamSa Yantra there used to be another dm, 
whose diameter was 6 leet 2 inches. It was on a platform slightly higher than 
the terrace, and approached by steps. At the present time 
,o accommodate such an imrtmment, and QjmpbeJl a drawing olI IT. 3( ^ 
shows no such instrument. However. Williams mentioned that «*tadlicen 
excluded from CbmptaT. drawings,' and it was mentioned by Hunter in 

1797 and bv Pandit Rapu Deva S&etri in , . . , 

The Chakra Yantra is shown in the plan at CC. It man equatorial, and 
^ mmnn to moat mediaeval observatories. It consist of an iron circle 

(declination circle) 3 feet 7 bche* m diameter, one inch 

faced with brass, on which degrees and minutes are marked. The t«k » 

L, that it can revolve round an axis parallel to the earth s axis At the si lltl - 
e „ eirem IV of this axis, and on the pillar which supports .he nM » 
graduated 'circle (hour circle) in the plane of the equator (figure bo). I here 
T wo , er fo this hour circle, and according to Hunter there waa none, 
l ,-07 Attached to the centre of the declination circle is a sighter, eonsls.iug 
of hollow brass tuba (figure 68), but this is comparatively new Hunter WMe 
"Observations with this instrument cannot have admitted of much aMuracy, 
as he index is not furnished with sights ; and the pin by which It « fixed to 
f hi is so prominent, that the eye cannot look along the 

::*£«- cz «„».«. proba„iy *. * >*.«• - 

the The' igb'ingtmngement is fixed to the big circle by a pin, and thi, pin 


Fits a OSu TiiP Fakaj* OR 


i PfeiL TWns, Ktiyal Boe, i- 
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is fixed by a cotter or wedge, shaped roughly into some semblance of a horse's head 
(figure 68). In the section on the astrolabe (page 18) it was stated that the 
Arabs called such a wedge faras (‘ horse J ), and that in mediaeval Europe it was 
generally made into some semblance of a horse’s head (see figures 24), “ Thorw 

which Pyn,” wrote Chaucer, “ tlier goth n litel wegge which that is cleped 
the hors that streyneth nlle these parties to liepe,” There is abundant evidence 
to show that the horse shaped design of the wedge was brought to India by 
the Muslims, and the example oti the Chakra Yantra is interesting ns evidence 
of the persistence of a traditional design, and in some degree as evidence of the 
ultimate source of the design of Jai Singh’s instruments. 

58 , History.—The Mt&ntnandita was built about the beginning of the seven¬ 
teenth century. Campbell's drawing of 1773, and Prinsep’s of 182,5, and recent 
photographs enable us, to some extent, to trace the additions and alterations 
made. The pari of the hi fade that is directly under the observatory belongs 
to the oldest part of the building, and that part that lias no balconied windows 
is comparatively new (see figure 64). The fine window on the extreme north 
(right) of the building was given by Prinsep in his illustrations of Benares, and 
has been described by Fergusscm and Ha veil. 

The astronomical instruments were added by Jai Singh about A.D. 1837. J 
The ilate is not certain, and nearly every writer gives a different one. Sir 
Robert Barker, who was almost a contemporary of Jai Singh , 2 said that the 
observatory was built by Akbur; Prinsep wrote : 1; The building was converted 
into an observatory by Jysing. A.D. 1080 ” and refers to a supposed 
description of it by Tavernier*; another writer gives A.D. 1603* and another 
1700. Father Boudier who visited Benares in 1734 and made astronomical 
observations there makes no mention of the observatory. Jai Singh himself 
tells vis that, in order to confirm the observations made at Delhi, he constructed 
instruments of the same kind at Jaipur. Mathura, Benares and Ujjain; and the 
Delhi observatory was probably built about 1724; that at Jaipur was built 
in 1734, and Williams* date for the observatory at Benares, 1737. mac he 
accepted. 

59. Early Descriptions.—In A.D. 1777 e Sir Robert Barker, who was for a 

short time Commander-in-Chief in Bengal, published a description of the instru¬ 
ments, together with a perspective drawing of the observatory as a whole, and 

detailed drawings of the Samrtlt Yantra, done by Lieu ten ant-Colon el Campbell, 

Chief Engineer of the Company’s service. The perspective drawing k lu'ie 
reproduced (figure 67), and it shows that the main features of the observatory 
ire the same to-day as they were nearly a century and a half ago. There are 

apparent differences, but some of them may be due to the nature of the 

drawing: the Nnrivalsya and the small Somrat appear to have been 

1 Thu m tin? date gmm by Willkm*, who, on all pom to that ran to- v^ritir-d, m cstrrmHv tvHitbtr- 

Hr* jv Ifth 

* Sir Robert lived (tarn L72IM7B9, and irmt out to India in 1710. eis yrarw &fier Jni Singhs drntb. 

1 TAVrmicr dird in 1689 P tJuir *tUr Jui Ringh'p birth. 

1 This pnrlielitnr ift intake i* repealed in the Krtr^fhpaiftiit Rrifruitii-ra. voL % p. 714. 

* SSir Robert Rurki-r left India in Hlh noic* nnd I he drawing wm- probably madr in I 872 - 7 & 
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,. i Riuhtlv ■ the wall that supports the east quadrant is different in detail ; 
tt ltf wua!LT quIdrantsTn the east wall of the gnomon ; the edge 
J iU lint h on which the larger Sa limit stands, has changed its alignment, 

I t rltngTno plinth at all is shown for the other instruments. From 
’ t If Wilt ms and Hunter it appears that the drawing * somewhat 
* correct & «>r at any rate, misleading for the south-east corner of the terrace, 

; ' tjf the sec . 0 nd Nori Valaya, described by them, 

for it s lows n ^ acCO unt of the Benares Observatory was of the nature 

Sit Ro jer Society, London. Further information seems 

of „ »-»»• » * the Roy ^ by J[t , L Willimn. of Benares 

l " v‘d W “ho rl ried verv careful measurements and added some interest 
m A.D. lit)-, »no r . H{ , lvl . ites: “The area, or space 

mg details a* to t» ' V 1 ^ j mt rumcnts, is called in Hindoo, 

composing the whole “ ^ ^ner part of the area, tvere built many 

'“‘""'tr of which ’there remains no chronological account, hy the Bajah 
years ago, of wiiicii nikmma who came to perform their 

Manning, for the repose o ^ which the building stands. On the top of 

ablutions in the Ganges, on ^ - flll Jotsing, for observing the stars, 

this the observatory was ^ . ^ b at, and it l said was 

and other heaveny ^^ . lg QQ* Sambat. The design was drawn 

finished in two 0 f Sadaahu Ma Makajin; but 

by Jaggernaut and of ik1l0Jl . a pot maker of Jcpoor.” 

the head workman was - & J _ H tion of tUc observatory, supplementary 

In 1799 Hunter ga e ^bnrid ^ Mr< William*’ measure- 

to the previous account. used ■ and dears up one or two other 

meat* and exph«» ™“' Hooker made excellent drawing, of three of the 
points. In 1 _ reeor( | d j that “the observatory is stil the most 

sssrst-'»•— e -e, •£,?&££ 
r. rrr."-rrs;««“ “■» - 

Chiman 1*1. end ^ ^.^^^trntiona we know very little. Sherring .totes 
00. Bestaat o • tt | curc lcaa ” about preserving the instrument, 

,bot the Brahmans ™ restored in the middle of the nineteenth 

According ^ HnvelU' ^ Jaipttr ur d«cd the complete restom- 

r a Z\t:Z^. This work wes very thoroughly done under the direo- 

.ion of the court ^,‘J to b. used Cor practical 

T1,L ' nrSunans consulted by Williams in 17W all agreed th.t rt 
purposes. The B _ ^ obilemtions .'' Its present situation, surrounded 

“ never was use J b i(lea l f or Dst ronomical purposes; and the m- 

on ■»<>" Slde5 i 5 ’ * t . tud e compared with those in modern observatories 

^‘"“Tuc 1 ‘if't'e obsenmtory is chiefly historical! it is a monument to on.^of 
ThC V ‘“ e ° ~ 1 1,tt 

J f|iW^ R Jo*n**l*t PI 1 ' 1 Jj ’ k 
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the brightest intellects of India; and it illustrates a very interesting phase of 
the history of astronomy. It might have another value if advantage were taken, 
namely an educational one* for the demonstration of the elements of practical 
astronomy a better set of instrument a could hardly 1)6 devised. But, apparently, 
astronomy is no longer studied at Benares. Ujjain and Jaipur. 


Chapter XI—MATHURA OBSERVATORY'. 


61 The old fort, at Hnthor*, known «. Kans, in Hh « as rebuilt by Raja 

Man Sir# Of Jaipur. On the top of thin fort J.i JJ* £ 

observatories The whole of it 1ms now disappeared. A bttle before - 
TZ L»iW telle a. “ the buildings were sold to a government contractor 

S^JTTL. *- “ ^ — * -» ma “ rials : c rr£ 

tlev had ceased to be of any practical use; but they were of interest, both 
in the history of science and as a memorial of one of the moat remarkable men, 

BtC 'TieSenthaler and Hunter give brief descriptioua of the -Mathura observatory, 
and as these appear to be the only actual descriptions preserved, they are given 

in Ttit^m Intlin astronomical instruments, 

erected by the tam.ua Rajah Djfaing, .^ 

in lime stone, which represents the am. of the car >2“ 3mlU „ ines 

some equinoctial dials of 5 ^J , "tolatrumenta exhibit different 
arranged fur the Intitud. the^« , while^ _ ^ * 

Djepo”ur but /has the advaj.tage ^r fh^ forter^ on 

liam 

the “ P o f ; t Tt°r" r ” CoT hLZ'T im** the remains of the observatory 

- which --Jr— i* Z ZZX 

The matrumenta a m ^n, the ™ A „ c[)uinocti al dial, being a 

imperfect, and. “ P"' V ^ placed parallel to the plane of the equator 

circlo tune «“* two in . . degrees. which ere numbered as jhiU 

" r Ht; lastly, S subdivision is further divided into *»,£ 
2bT»? minutes or two ^ In the centte 

or pin, which served to cast .he ^.n mZdc instrument, but it 

is only divided mto am litU(le mstrument, divided into sixty equal 

level of the t-errac thitleeiv i tlc heii. (4) On the same terrace i^ a circle, 

S% yn. hori L. With a gnomon aimiln, to that of « horizontal 

i VoM. O ittrit ' 3trM0ir ‘ p ‘ WL 

i V+* 

’ ™ tl,r ' ^ cr.rmfirii.idff to the infflnJctinB* glwn by jAgunnStU («« p. VU 

i Tlfcb dwnptwm I 6 ih . v atl 0| ^ T a norlli origiiuill>- 

^ ^ xx ’ r, " v * and ntM on 
of the snTion Of tte Spirit Yeatra “ ^ t. 2 
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dial, but the divisions are equal, and of sis degrees each, ft must therefore have 
been intended for some other purpose than the common horizontal dial, unless 
we may conceive it to have, been made by some person who was ignorant of 
the true principles of that instrument. This eoukl not have been the ease with 
Jaysinha and his astronomers; hut the instrument has some appearance of 
being of a later date than most of the others: they are all of stone or brick, 
plaisteml with lime, in which the lines and figures are cut; and the plaister of the 
instrument, though on a level with the terrace, and consequently more exposed 
to accidents than the others, is the freshest and most entire of them all. (5) On 
the east wall, but facing westward, is a segment, exceeding a semi-circle, with 
the arch downwards. It ia divided into two parts, and each of these into fifteen 
divisions. Its diameter is four feet. On the west wall, facing eastwards, is 
a similar segment, with arch upwards divided into the same way as the former, 
(ta diameter is &even foot nine inches. 


Chapter XII.—HISTORICAL PERSPECTIVE. 


,*» -f tss 

perspective it w i^SmA’s work In making suck a survey it » tieccs- 

T^. not only the papulae theonea, topic, one. « 

Ik elucidated, but also tbe formation: tradition or mistake 

Of Jai Singh a theonea «e have but little ^ , rf it 

has allotted to bin. the ^ le with the teaching of Kepler Galilei 

s- **zT1£^Z 

The topics he dealt ^ wit h the design of instruments and 

SMU. Principally he «. come tion of , catalogue of the 

C C l^ a ^™ P^l- 1 - ~ !«*** 

instrumental errors. , - t - Wceoing chapters, which also have 

These points have been MM* » tbicb L Singh obtained bis astro* 
indicated, mmdentally, the ^ metto ds. There is not the slightest 

nomical notions am that airected Ids activities—it was that of the 

doubt us to the main »*»_ ' but u b stiU popularly supposed 

Muslim astronomers of the l >f , * boll of Hindu origin, and pre* 

that Jai Singh’s work Sir William Jones was one 

vious writers have helped t" * . - „ T1 s krit wor k,” he says, 1 “from which 

of the first to give this UK-""- . Lata, i* -titled CU^ 

we might expect the most amp>® _ ^ ww compiled in a very large volume by 
or a view of geometric a _ no* ^ comprising all that remains on that science 

order of the il just nous . a - ^ C(jnsideril y J ic trouble and expense this work 

in the sacred; y Government, audit tinned out to be a Sanskrit trans- 

was published by the ■ rf Ei;dkl - a Elements Hunter was also 

lation of ^a$tr al-Dii more recently Garrett’s (otherwise most excel- 

misleading m a negate , ty, ^ on hktor icat matters. It practically 

lent) book is somewhat «**» ■ • d the Hindus the inventors of 

makes Jai Singh the ^ of the ^ Jfli Singh’s work was 

the astrolabe; and genet j k ^ ^ a3 trouomy” it tells us, “and gave 

study, as had not^ been known in India since the time 

. ■ i-i.p seventh century. . * 

of Brahmagupta, m tbe ^ Singh’s theory and practice 

«• iS "but to —> detail, the poaaible »»»«- 

back to tb« r F P Md tie t tq,l itioHftl Hindu theory md pract.ee, - 

ions between —--- lfc J<lk n ,,, u.rf »* ► J,!l ' 

■-1 n* ^ c; *T mil'*™ j-* "* l/Lnln Be empbMiwa tiiUUiicin ih» in-ttwi^ 

Sir W. J*a*« ■* tluii Ite cmk-M »«^y «. “ n *’ 

by lib «anUeii Ui oU»et*. 

tingdfelims « ,< ‘ h 

* Pp. IP. 40. - 1 ‘ 







70 


ASTRONOMICAL OBSERVATORIES of IAI SINGH. 


For purposes of exposition it is convenient here to speak of the influence 
of three schools of astronomy : {i) Hindu, fii) Muslim and (iii) European. * 1 Jai 
Singh was, to some extent, in contact with all three, and it is a matter of con¬ 
siderable interest to determine the quality and quantity of their influence on 
him. Although he actually lived in the eighteenth century of our era, the 
influences that directed his activities were medieval: little advance had been 
made by t lie Hindu and Muslim schools for centuries, and the advances in Europe 
were too recent to be fully appreciated. 

Hindi’ Astronomv , 1 * 

64. There is a certain amount of very interesting mythological astronomy 
recorded in the Vedas, hut the earliest formal Hindu astronomical works are 
the Jyotisha YedMtja and the S5ry<i Prajnapti, the latter of which exhibits a 
strange cosmography (with two suns, two moons, etc. : ‘) while both have the crude 
elements of a scientific astronomy. These works are of considerable historical 
interest : they show little, if any, Greek influence. 

Soon after the beginning of the Christian era the traditional astronomical 
system in India was largely discarded, and the system in vogue in the Greek 
schools was imported and assimilated. In the Ptmchti Siddfmitika of Varuliu 
Mihira we, possibly, have summaries of two western books — the PauliSa anil 
Romaka Siddh&fticts, blit, quite apart from this, there is abundant evidence to 
show, not only Greek influence, hut, Greek domination. The representative Indian 
work, that exhibits the astronomy of this period, is the SOrya SidShanta. In 
its original form this work was probably composed about A.D. 400, and the 
recension now in use about A.D. 1100, Since then very little attempt at advance 
has been made. The orthodox still accept the SSrya SiddMnta as authori¬ 
tative, and other works are not essentially different. 

Such are the facts, but there 1ms been an extraordinary amount of mis¬ 
conception current, According to Hindu tradition the Siirya Siddhmtta was 
composed some millions of years ago.* Ha illy, towards the end of the eighteen 
century, considered! that Indian astronomy had been founded on accurate obser¬ 
vations made thousands of years hefore the Christian era. Laplace, basing his 
arguments on figures given |>y tiailly, decided, that some 3.000 years B.C., the 
Indian astronomers had recorded observations of the planets correct to one 
second ; Playfair 6 supported Bnilly's views j Sir William Jones argued that correct 
observations must have been made as early as 1181 B.C. ; and so on; but, with 

1 Tiu- (pirolkm of t'hhir^.* influent* hoi not rantfahTird; hut it i* tnli-rvsl insr io m>te ihut, hi the 
jirvrnn*nth i*ntun% thr French .teitiiti bidjad ifai Chim^ hi tl w\t utamomy ; and tit taking* n few ywra 

ng*>. wt rr «ttml feug* iu*tmm?nte T Fupi«Ked lo bo ilrMgrml by Fnlht-r YVrhkat* copied from tlwc sil 
Tycho Bmhcv And abo pamr Muslim instrument* a t H n wiriirr date* Sre G. Forbes ffifmy o/ 

PI*. T5-77- 

1 The following note* attempt to (rive, vasy brirfly, only a fair notion of Hindu natnimum-. No attempt 
haa tuaste at torapM™**. Far fuittwr inform ?iticm rtfertm* -htmM be matte U* thr work* e numerated 
in the finnrxrd biyjogrnphy (p, 14j stq.J* 

1 TW hfltjaooMkal notion# of thi* early Christian writer* were often far more aUiuti. Set p. S3. 

1 Svrija i, *-3. 

1 Afterward* Mb Ltpteve and Playfair recanted. ix* mv Hindu Aittofromu* 
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the researches of Bentley, Oolebrooke, Weber, Whitney, Thibnut and others, more 
correct views were introduced ; and it has long been known that the figures used 
by Badly are comparatively modem. 


Vedic Astronomy. 

U5, Vedic Astronomy is more poetical than exact, and it is of interest, apart, from 
its poetic value, chiefly as a subject of controversy. Certain scholars, y. t 
Dikshit, Tilak, Jacobi aud others, argue, from rather vague astronomical premises, 
partly based on the texts, an extreme antiquity for the Vedic writings; others 

do not accept their views. . ( . 

The Vedic year was 12 months of 30 days each, with an occasional inter¬ 
calary month, “ the thirteenth month fabricated of days and nights, having thirty 
members.” (A.V. xiif, 3, S.) There is no indication of any definite cycle. 
( The five-year cycle appears later.) The year was also divided into two equal courses 
or arnnm, a northern course or UUardt/am beginning at the winter solstice, 
and a southern course or Tktkxhimyana heginning at the summer solstice. 

In the Rig Veda two aster isms only are mentioned, Magha and Phalguni; 
bat in later Vedic testa («*., A.V., six, 7. I S) a complete list e( .he is 
nahkalrat or asteriams is given. This list is beaded by KrMdut or the Pleiades, 
which marked, it is believed, the vernal equinox of the \edic year; and this 
is a foundation, although not a very secure one, for Vedic chronology. 1 

If the vernal equinox was marked by KfUtikas, then the period of fixing 
this was about 2350 yearn B.C., when the vernal equinox was approximately 

o( the same longitude as Alcyone < n Tauri), the brightest of the Pleiades. But 
the only evidence we have is the occurrence of the list of nakahatras with 
Krittikfc? at the head and, if the assumption made is true, the only legitimate 

conclusion is that, this list must have been prepared at .some time after 23o0 BX. 

ft may have been an exotic list; or it possibly might he a genuine record of 
Hindu'observation a. come time or other. There in another difficulty » the 

fact that, according to the Hindu records, KpttikSe, apparently, marked the vernal 

eouinox for a very considerable period. , 

Other parts of the Vedic texts have also been used for the purpose of 
establishing their great antiquity: e*. Jacobi attempted to prove that the 

Vedic year commenced with the summer solstice. His arguments are based 
on the'following very doubtful rendering of a verse of the ' brog Hymn : 

“ Those leaders of rites observe the institutes of the gods, and disregard 
not the season of [the twelfth mouth] : 4 as the year revolve* and 
the rains return, then scorched and heated they obtain Freedom, 
rfilrahit* from a passage of the Brahmaijas (§,B. II, 1, 2 - '). fixes the 
ace of° its composition at 3000 B.C. The words "They (the Knttikas) do 
not move from the east ern quarter while the other ftstensma do move from 

-r A^nlb T^An^-irfi ■ U ^ i- hta ^ th, y.t ^ Kntt.k.. or 

ocettrabs to brmy nr P«dik*^ ate H, ,t J.B.AJI., 1014. P- - 
* Other tmxUtbu pivp ' iho iw*l« "**0* 

> Min* ry. IW*. XXIV, p. M* 
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the eastern quarter” he take, to mean, definitely, that the aster ism Kpttikus 
(Pleiades), and no other astemm, was on the equator ; and he writes In my 
ofjituoii the statement conclusively proves that the passage was composed no 
later than 3000 B.C.” Many other similar interpretations have been strived 

iltt(T in Vcdic texts no definite mention is made of the planets, although much 
ingenuity has been exercised in interpreting the texts otherwise. There are possible 
references to eclipses, which Ludwig, with some -kill, has attempted to identify. 


Vedanga Astronomy. 

00. ftr) The Jyotisha Ved&lga' and the Sunjap^napd contain the earliest 
formal astronomical statements. The former introduces the 5-year cycle of 
IS30 apparent solar days. The year was tropical in theory and contained 300 
apparent solar days, and was, therefore, too long. The sidereal year was 307 
sidereal days. The lunar day or tit hi was Si of an ordinary day, but was 
reckoned as equivalent to an ordinary day for calendar purposes, one tithi being 
omitted as occasion required. There were 27 nakshatras, each supposed to 
occupy I3i degrees of the ecliptic, and each nakshatra was considered 

to be divided into 124 equal divisions, or athto*. The sun, therefore, traversed 
5X27 asterisms in the five-year cycle, or arhsas a day ; and to traverse 

one nakshatra it took 13$ days =13 days 335 hAis, since there are 603 Ms 
in one day. Tim moon traversed unkshatras in one day, and one nakshatra 

in l day 7 kalas. . , . .. 

The five-year cycle appears to have commenced with the winter solstice, 

and Sravishtha is said to have marked the beginning of this cycle, and also 
the beginning of the son's progress, and also the winter solstice-all of which 
are in agreement If £ravish$ha is to be identified with ft, a, y and S Delpkini 
(as it usually is), then it marked the winter solstice about B.l T . 1100. But 
u list of aster isms given in the text begins with Asvrni (Mud y Ariel is), which 
marked the vernal equinox about the beginning of the Christian era. The 
Vedthga states that, during the northern progress of the sun, the days increase 
in length at an even rate of 157 minutes a day, or 4 hours 48 minutes in six 
months of 133 days * 1 * * * : the northern and southern progress are considered equal. 

(h) The Sitri/fi'prajna'pti is a Jain treatise on astronomy, that is similar in 
many respects to the Veituiiga. The Jamas held the old Indian idea of the heavenly 
bodies revolving round mount Meru, and, as a corollary to this, they 
conceived two suns, two moons and two sets of constellations. The five-year 
cycle began with the summer solstice, with the sun in Pushy*, and Thibaut 
thought 5 this was a correction, from actual observation, of the older Vedanga. 

i [>,41491 ia the naisu of certmn or cIhmi* of work*. n-ganlul #.» ■uxtliftry to the tt-da. They 

an? girtifliaUy coiMidfiwI ns of * aonwwhftt Uter dale. ... 

i Th ,. ub i,. of o Unite# Ofi page 1*1 fthtf*-'. tta* «n iiwiwiB o£ 4J born* Mfewpondi to > ktitudi 

flf 3S* X.. Lbe obliquity l*diig taken m 23| d**H*ft. For n (Jfvftter obliquity it would hu further north. 

> Thibet nili'nlate- 3 preeeMHiTi of 17° 3', or ft diffleivn™ of 1240 yean between the VedSiln* ailtJ 

tlw SbtyftgirujaftjitL hut gives ft caution an to the mwwUfnty of tin' deduction. 
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Another point of difference was the employment of 28 nakshntras of unequal 
extent and this altered, theoretically, the position, of the nakshamis-m some 
cases to a very considerable extent, and makes our estimations d the period 
which these works were composed very uncertain. 

(c) The characteristics of this period are : 

(1) The five-year cycle. 

(2) The division of the sphere into 27 or 28 nakshatraa. 

( 3 ) Equal daily change in the length of the day. 

(4) Omission of any explicit reference to the planets. 

Greek Astronomy in India. 

6- V.rahs Mihi.s and other,, about A.D. 350, made popular new ideas 
V neat - thee remodelled the Hindu astronomical system on 

StaJ Va»h» M,W» astrological works contain numerous Greet t«hmcal 

^ sr*-. r k 

- z:rkl:r "he £JL * *«<*. 

Bomnkn, Paal,so and to prM Uimed by Ronrnka, more accurate 

ia accurate, near to \t is t(ie tru th- TT The summary 

b Savitra and the teaching of the Vedanga stage but 

ot the /nrlnmnfoc c,*Ho > ‘ „ w) _ The pjUfhu SMhMa appears to 

adds the epoch of ... . . , ( j av rule and introduces 

represent the transition stage It Km*■ ' „ U iie the other three 

shadow calculations, and the /«.to^^ ^ maiu c , lanKt eristica of the 

introduce, unequivocally, the trreea m 6 

Routo S 'f U f‘JZr ( , =l9J(lM years, perhaps based on the Jlctonic cycle. 

!m A veiuol 3«o" a” 55“ 12*. which is exactly the tropical year of Hipparchus. 

(c> The epoch of 427 Saka ( = A.D. 505). 

( j| Omission of mention of epicycles. 

In the Paulite the following points are noteworthy. 

(6) A special Tuk for ^finding the place of the moon. 

S Avanti (Cjjaio) and TMto,Benares, 

and Vavana (Alexandria) are given. 

Ac l:rf^ndca, work Of 

. « ? The several sections of the accepted text relate to- 

the Hmdus. I bt »' eTa - .> The tTue pUc^a of the plaaetu. 

1. The mean toons ot the ptos. ^ _ 

II,is.,. <JM 00. 1-to 'be «” k - h” ‘"t* 

*~Z2*£sriiiZ -"fr ?£ s? js 

SSiv to, - *h» 

wtirb*.** (Mo V 5-> ■ 
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5. Planetsn' conjunctions. 8- Instruments* 

6. Astemms. 9. Time. Cosmogony. 

7. Heliacal risings and setting*. 1 10- Astrology. 

t»9(a). The topics dealt with in most of the later Hindu works are funda¬ 
mentally the same as those of the Silrya Siddk&nta t and the following notes 
apply, fairly generally, to all these works. The earth is considered as a fixed 
unsupported sphere, round which the other heavenly bodies revolve* Its dia¬ 
meter is given as 1,600 vojnnas, and the distance of the moon as 51,570 yojanas, 
or roughly the same relative distance as Ptolemy gives {61 £ radii of the earth). 
The distances of the other planets are calculated on the assumption that they 
move with equal velocities. The equation of the centre of a planet is calcu¬ 
lated by assuming epicycles, but an apparently indigenous notion is introduced 
by making the epicycle oval. Ptolemy's theory of the equant is omitted, and 
certain other improvements of Ptolemy, relating to the moon and Mercury, are 
also omitted. The precession of the equinoxes is explained as a sort of libration, 
within limits of 27 degrees cast and west of a fixed position, at a rate of 54 
seconds h year; and the obliquity is generally reckoned at 24 degrees. 

The Greek names of the signs of the zodiac were adapted, and 
the seven day week introduced; many Greek astrological terms and some 
Greek mathema tical terms were adopted without change. Some of the old 
cosmological notions, that did not interfere with the new ideas, were retained. 
The Greek teaching was, indeed, accepted as a whole—but the evidence points 
to the curious fact, that the Greek astronomy introduced is that of a period 
preceding Ptolemy, although Ptolemv lived in the second century of our era, 
and the Hindu-Greck astronomical works did not appear earlier than A.D. 400, 

69 (b). One of the moat notable features of Hindu astronomy of this period is the 
employment of immense cycles. To express the planetary elements in integral numbers 
the astronomers assumed an artificial epoch of general conjunction, and a period of re¬ 
curring conjunctions. The last general conjunction was supposed to be at 3102 B.C., 
and the cycle or yugaof recurring conjunction is supposed to consist of 4,320,000 
years.* The planetary elements are expressed in terms of this cycle as follows :— 


Pluai 

Revolutions, 

Plnjvflt, 

R«TOl U tlOIL$. 

Sun 





*,320,000 

^Mtum * 


Moroury * 





17,037,060 

Moon 2 Sidereal revolutions 

57,753,338 

Vpnfli 





7,022.376 1 

#* Synodic *+ 

{ft, 4 33,336 

MAm 





2.296,632 

Revolution of q]>hlh 


Jupiter 





3*4,220 

r* « p. mt&p 

n&m* 


1 For wmq bistfilka) account uf this. topic mu Botich^Lt^df raq, L* A Prolog ic gtttq p. Ill/, 


* Aryabhata attempted to revive the theory of H true I it us that it win- tbe enrth 1 ? own rotation 
Unit produced ihi- apparent motion* of tW hnircnlv bod»«; but he wafi condemn!*! t*a tinnrthodoi* and 
Ibr view hew ntm hwa mocopted by Hindu astronomers ggfieraUy* 

3 The number 4^EO,000=30X<H>* L* suggestLve ol Biihylunmn inflociiee. See also J. Adam, f|e .Vuyf tirf 
frttn&C/ o/ F/afo. 

* A* Whitney points nul nit numbers ettHjit the liwt two arc divisible by four and Betsnm 

-to indicate that thv !wil iwn were Idler additions 
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There was, of course, no general conjunction at 3102 B.C., which period « as 

arrived at bv calculating backwards, according to the rules. Bentley assumed that, 

at that particular time when the calculation was made, the positions of the planets 
were known with some accuracy: he then calculated according to ^rya 
Siddkanta rules, the positions of the planets at several periods, ant u 
most correct for A. D. 1091, and concluded that the elements were hxcr -u 
the work composed towards the end of the eleventh century. 

Hindu As tronomical Calculations, 


A 

Y*mi in the tjuya or 

4,320,000 

B 

Sidereal days ■ 

1382,237.828 

C 

^AturpJ or dh-il days 

1377,017,828 

D 

.Solar moflthB 

61,840,000 

E 

SidercaS month* ■ 

37.7. r >3.3,t8 

¥ 

Synodic monttus * 

63,433.336 

Q 

inlerealary numth* 

1,303.336 

H 

Lanor davn (itth*) ■ 

1603,000.080 

I 

Omitted lunar day* (JWi -fcw^yu} * 

26.08t.252 


A. 

B. 

0 - b-a. 

n - 12 x a 
E. 

F= K—A. 

C - F—t>. 

K - 30 X P. 
I - H-C. 


finding the ^r,,ana. oreum of days ' thathave d.ped siince the ^gim.ing 

of a Tuga Thus at the commencement of the Saka jear 953 (A. - , . ? 

the chaturyuga tad elapsed. and to find the number c.v„ 

days the calculation is as follows: 

' „ x , , m . 132 x 5- give, 1.196*20 mtmcaluT with,.* whence the Inn.. d«y, elnperf 

„e 30 (12 X J,2*U>2 t- !.I'J6.D25)=1,'20S,78}.170. 

Agaio l,20M83,2TO X j| gives 1S.8S5J.-9 omitted hma. days, and the number ol civ, 
tlare that have elapsed is therefore 

t 203,783,270—18,835,679-1,1*4,947,591. 

(D1 Another characteristic example of the calcnlations » concerned with the 

t tVux epNtre (Kendra). The mean position of a planet was calcul 
equation of the centre (ivenuruj. * , Th - _ aa correc t e d 

.ted horn to number of revolutions in a vug, <!'■ '«) ™ »as «rr 

bv hvpothecuting certain epicyctie motion,. The mean motion in a c,tele (defer 

't) ,-ave wrong positions, so the planet was supposed to move in a second 

,, remevelel ,‘hose centre lay on the eircumferel.ee of the mean circle 

(deferent)! and the corrected position was calculated on this theory. For all but 

the sun and mom. (which required only one) tiro corrections aere made, ( ) 

the equation of the conjunction, (2) the equation of the apsis-bytwo separate 

. F„ r fans,, detail, - »y *«!■ A*—* ' ”"" d ’ “ 

—.tdi wyn | Lh EW OH ill f , i 

s ■«* on* occur* wb il i* co-aplrte, M** U* part » 


u 2 
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epicycles ; and by combining these two equations the ‘true place’ of the planet 
was determined. The calculation is complicated, and entailed very considerable 
skill of sorts. Here are calculations for the planet Venus for a particular position. 

CALCULATIONS TOl: THE EQUATION QT THE CENTRE FOR VENUS, 
tjiven mean longitude, L — S* 18 3 IS * 1 
Longitude of conjunction, C ^ 10* 21° 50' 

Longitude of apsis, A — 3* 19' o2’ 

Epicycle of apsis, E, varies from 11" to 12 Difference, A~ 1 
Epicycle of conjunction, E, varies from 260° to 262 & Difference, &—2° 


— 

Fint rali Glalli.Q 
fur • r|l|llH»| (\{ 
qufjitiu-flafl. 

wrtpfkt M 

rq.CUk.elnh 43f 

Tblfil fldcililki for 
PlUiEJnh M f hfdil, 

lumr'H i *h! lalAtJom 

f<*# f-HjiLsiifffi id 

Lopfitudc * * # 


S 1 W 13 # , 

y 

“ u J 

—0 1 l*2# s 

irir-s-aa' 



2 


=3* 18°36' 

a. IfeUi commutation *= C— L 


i r zr 

** 

•i + 

2* &3r—2S' 

= 2^ a a w 

o', Equ^tH unonmlY 




—2 - H = V 18 ± 24' 

*y 


b. Bhttjrijyd * Sin dtir * . 
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T|„, f.i,tin-(r) fat mppoeed to be itivkled into 343$ efjiiitl parts, which inn, im a matter of eenvetdenee, 
tenned minules, end lb 1 ninw. etc. (NUfrfiri, kettfgi, rhala *ywm. etc,), are espirawd in term* of this 
radium face lay /nififla Jfrtttfldtl®, P* II). 

Tbr correct ir-n< lor epieyehm no* alroph* proportion* r ikodiftqnw for W* what fat the difference 

for i degree* t The Himenrioim of the epicycle are <ttprepted in degiw*. etc., in «tich a way that (r' being 
the ntdiun of the epicycle) 2 IT r*: -»7T £1 the nnrab-T of degree* t 30). 

"1. A great many interesting topics must be omitted in this brief sketch 
of Hindu astronomical theory, Aryabhata taught that the earth rotated upon 
its axis, and a proper explanation of eclipses, but was not approved. The 
works of Brahmagupta and Bliaskara have considerable interest in matters 
of detail, but do not differ fundamentally from the Stirt/a Siddhdnta, Indeed, 
since the time of composition of this work there has been practically no alter¬ 
ation of fundamental importance in the Hindu theory. 

At the present time there are three schools of astronomers: (i) The 
Saura-paksha, (ii) the Arya-paksha, (iii) the Brahma-prtksha; and these only 
differ * in matters nf detail. For example, a distinctive feature is the length of the 
year* employed. These are :— 

(!) Sftum-jwikjihn year 385^ t> !| 12" 3 15’."VI 1 , (ii) Jn/a-fxiksha year 385'' fi 1 ' 1HO', 

(iii) Brahtna-pofaho year 36& 1 Ii 11 12* 30 915*. 

1 Ks-ialfy til.- diflmulmliptl k a grtignijlllkft} ■ -ru 1 . TV Jftfrpa in flip HlaJidnitl authority 

'n fc III- gptmter |j*ri IndiAi but IV fir*f Arga-SiddhtlxM in Ihf authority i ei iHf Tamil And Malay a jam 
pcmnlrkn ml Soot farm fntlia* whilp Krnhmnguptik is follum'd in RjijfMitanA and Xorth UV^t India. 

1 Htefifrlkallj., nt Jpm*, tV vht k 4 »idcriMil one, but t!n-rr i# nm ip V4gueftnta 1 and IVi* an- no rrc.ml* 

tA tbr iiir’^WHLlfl by which tV remit* »vn■ attniiirtL St* R. ?y-wc1L Thf Indian Cnlr^Ant t pp> 7-101 
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Hindu Star Lists. 

72. The determination of the position of the stars u-ith exactitude does not 
seem to have interested the ancient Hindu astronomers.' In early works the 
brief lists Of stars with celestial co-ordinates given ore generally m connexion 
with the path of the sun and moon through the nakshatras. In each nakshotra the 
position of a junction star or yogaOr* was determined. The Mb SiddhanHka 
mentions seven of these while the S&rga SiddhZfUa gives the position of 28, one 
for each nakshatra, and also of seven other stars. The SiddhSHta Stroma*, and 
Brahma SiMhGnta mention only Canopus and Sirius. After these, each lists as 
Mahendra Sun's (given in Appendix A) sometimes occur. 

2 The Patkka SiddMiUika record is as follows 

"‘‘The vogatttft of is at the end of the rixth degree and three and a half 

hM to the north of the ecliptic ; that of Rohini « at the end of the eighth 
degree, end five and a half ham* to the south of the wliptie. (XI\, 31 
“The two etars of Puuarvasu are at the eighth degree, and to the north and 
sooth of the ecliptic at an interval of e^bt ha*tm. The star of Pushya is at 
the fourth degree, three and a halt hatlo* to the north.” (35) 

-Of Aslesha the southern star is at the first degree one tmka (south); *> also the 
northern star of Maghu the conjunction take* place m Us own field,* at the 
sixth t)cirreeL Of Chitra at seven and a half degrees, three ho*at to the south '» 

The Surya SiddUnta gives the positions -if the chief stars of the naksluitras 
iu terms of polar latitude and longitude. 1 The SGrya Stddhanta stars and their 

position are given in appendix A. 

Hindu Astronomical Instruments. 

73 The only instruments o£ practical utility lor astronomical purpo*« 
d JiJ i„ anient Hindu works ere the .un-dial and olepeydra. An arimllary 
X, U also described as an instrument for purposes of demonatratron. The 
onlv Hindu instrument of any antiquity actually found .a the clepsydra, eons, at,ng . 

° f ^tono^gtfLTmaVTihl^. of the early Hindu tents that 
deal with astronomical instruments, (i) The Clepsydra or Water dock » referred 
t „ he Jyotithtt Masya. where tbs amount of water that measures a ««<Mu 
to m me j ^ more f uml „f water clock appears to have 

been* simply a vessel with a small oridee at the bottom, through wind, the 
1 Unwed in a a aditS.* hut later on there ceme mto use the form described 
hTthe saw SMdMntolSIH, 23): “A copper vessel, with a hole »" thp 1,1)1 tMn » 

----:---iir sa,, • Tlh . IlinrhL. art vt.fj- liKlr ildoTtii.fi ft^anling Tim lixul ^r>. 1 

.J "Tire™ - '>te» -te tea. «; ^ «*» ^ “* ” 

t,i point ibcm <iut to tne with hw fia&i*-' 

■ I.,., oa,11. wliptio. , to „„„„ ™ awbaasl - 1 » ■'»>(«. awl *'■ ®a«" 

' 2 I »■- have qq.wla.My I «■>'» J ' »' — 1 »— ' '■ «-•«> ■ 

i 21 **’ “* "* 

occupy 

» It k itm only insinunttit dcscrilwJ in Git* 
i j ^ Fleat. 3^^ jliiaciil Indian Clock, J*fLA»S-« 
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sot in a vessel of pure water, sinks sixty times in a day and night, and is afr- 
accurate hemispherical instrument. The Pniichu $iddhtiutikd description 1 (XIV, 
32) is similar, Hut adds “Or else a nadika may be measured by the time 
in which sixty slokas, each consisting of sixty Song syllables, can be read 
out.” 

A later description of the clepsydra is as follows : " A copper vessel weigh¬ 
ing 10 pitas f, six angulas in height and twice as much in breadth at the mouth 
—this vessel of the capacity of (50 palas ol water, and hemispherical in form, 
is called a ghafi. The aforesaid copper vessel bored with a needle made of 
maskax * of gold and 4 anguia* long, gets filled in one nddikd." 

In practice, no doubt, the dimensions of the bowl and the orifice were 
determined by experiment. Bhfiskara (XI, 8) indeed says : “ See how often it 
h filled and falls to the bottom of the pail of water in which it is placed. 
Divide fiO ghafis of day and night by the quotient, and it will give the measure 
of the clepsydra.’’ 

(ii) The Gnomon. -The sun-dial described in the early treatises is of the 
simplest kind, consisting of a vertical rod, or gnomon, divided into 12 divisions. 
The descriptions are of a theoretical nature, and do not apply so much to the 
construction of instruments ns to theoretical Calculations, The 1‘aitchasiddhantikd 
(XIV, L4-1H) instructions are: “Mark from the centre three times the end of 
the gnomon’s shadow, and then describe two fish figures. Thereupon describe 
n circle, taking for radius a string that is fastened to the point in which the 
two strings issuing from the heads of the fish figures intersect, and that is so 
long as to teach the three points marked. On the given day the shadow of 
the gnomon moves in that circle, and the base of the gnomon is the south- 
north line; and the interval, in the north direction, is the midday shadow,” 
(111,1-7) This means, mark on any particular day the extremity of the shadow 
at three different times— and these three points arc supposed to lie on a circle, the 
centre of which is found (in the usual way) by the so-called fish figures, 5 

The Siirga Siddhanta directions (III, 1-7) are more elaborate but relate to 
exactly the same type of dial. They are as follows : — 

*■ (l) Oil a Stony surface, made water level, or upon hard plaster, made level, there 
draw an even circle of a radius equal to any required number of digits of the 
gnomon. (2) At its centre set up the gnomon of twelve digits of the measure 
fixed upon; and, where the extremity or its shadow touches the circle in the 
former and after parts of the day, (3) there, fixing two points upon the circle, 
and calling them the forenoon and afternoon points, draw midway between 
them, by nieunB of a fish figure, a north sad south line. (4) Midway between 
the north and south directions draw, by a lish figure, an east and west line : 
and, in like manner, also by the fish figures, between the four cardinal directions, 
draw the intermediate directions. (5) Draw a circumscribing square, by means- 

1 Lida l.'bluitte LiP* JtfOli/iha l’«fc*pr. ji. 12. 

* l About 56 gruiiv ttoy- Fleet quolc-K mint her rule, whkh gjvwi ihe weight m a #uua™ (« |fr- 
mdxhts}. iieli l length 4 a3firfu* drawn out found or *H|uarp, Bhi.*Lura ninthly rey* (XL S) it ** ihould have 
a bole bored in it* bottom/* 

’ Tht ' fifth figure 1 u the oouimon pert of two intersecting circle* 
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of tlit* lines going out from the centre ; by the digits of it* bow? Lines projected 
upon that, is any given shadow reckoned, (fi) The east and west line is called 
the prime vertical (•amd'Ma«4>b): it is likewise denominated the east and 
weet hour circle (immatjala}, and the equinoctial circle {visf>nrat, manJah), -7) 
Draw likewise an east and west line through the equinoctial shadow (wlrf 
bfcl): the interval between any given shadow and the line of the equinoctial 
shadow is denominated the measures of the amplitude 1 Utyra). 

(iii) Armillary Sphere. -The Surya Siddhanta (sin, Ml) gives instructions 
for the making of on elaborate annUlary sphere:— 

(2) “Let the teacher, for the instruction of the pupil .(3) prepare the wonder 

working fabric of the terrestrial and stellar sphere (bhQbha gota). Having 
fashioned an earth-globe of wood, of the desired size. (1) fix a staff, passing 
through the midst of it and protruding at either side for Mem ; and likewise a non pie 
of sustaining hands and the equinoctial circle; (5) these are to be made with 
■waduated divisions (aSgula) of degrees of the circle Further, by 

means of the several day-radii, aa adapted to the scale established f<* those 
other circles. (6) and, bv means of the degrees of declination and latitude marked 
ofi upon the latter, at their own respective distances in declination, according 
to the declination of Aries, etc,, (7) three bands are to be prepared and fastened : 
these answer also inversely for Cancer, etc. In the name manner, three for 
libra etc., answering also inversely for Capricorn, etc,: (S) and, situated m the 
southern hemisphere, are to be made and fastened to the two hand-supporters. 
Those, likewise, of the asterisms situated in the southern and northern lir-rni- 
spheres, of Abhijit, (91 of the Seven Sages of A^stva, of 

etc arc to be lixed. Just in the midst of all the equinoctial bund » M. 
f 10) Above the points of intersection of that and the supporting bands are 
the two soUticre (eyano) «nd the two equinoxes (triskmvt). From the place 
of the equinox, with the exact number of degrees, as proportioned to the whole 
circle, (11) fix bv oblique chords, the spaces {ksfxira) of Aries and the rest; 
and so, likewise* another band, running obliquely from solstice to solstice. (12) 
and called the circle of declination (tr»*Ui): upon that the sun constantly revolves 
giving light: the moon and the other planets, also by their own nodes, which 
are situated in the ecliptic «pe> ««**). (13) being drawn away from it, are 
beheld at the limit of their removal in latitude {vikshepa} from the corresponding 
point of declination. The orient ecliptic point (lofiu) is that of tbe ort ‘ llt 
horizon; the Occident point (aitempcMtf) is similarly determined. (14) The 
meridian ecliptic point (madhyma) is as calculated by the equivalents m right 
ascension (lanWoyus), for mid heaven (tomadhj/a) above. The sine which is 
between the meridian and the horizon (bAttft is styled the day measure (UK**). 
(15) and the ame of the sun's ascensional distance [rfuiradab) is to be recognised 
M th( . interval between the equator and the horizon. Having turned upward 
one's own place, the circle of the horizon is midway of the sphere. (16) As 
covered with a casing (««*«> and as left uncovered, it is the sphere surrounded 
bv Lok&bka, By the application of water is made ascertainment of the revolu¬ 
tion of time. (IT) One may construct a sphere instrument combined with 
quicksilver; this U a mystery, if plainly described it would be generally intelligible 


i iristMwe of tbr pun at mug or 


setting from east or print ol tLt horixoll- 
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to tbo World. (13) Therefore let the supreme sphere be constructed according 
to the instruction of the preceptor. In each successive age. this construction, 
haring become lost, (10) is by the sun’s favour again revealed to some one 
or other at his pleasure." 

liv) Other Instruments —“ So also," the test continues, * L one should construct instruments 
(yawlran) for the ascertainment of time. (20) When quite alone, one should apply 
quicksilver to the wonder causing instrument. 1 By the gnomon (««*«). ata ff 
fywM) are (cttanwh circle (cAn*ra), Instruments for taking the shadow of various 
kinds .......... (21), By water Instruments, the hemisphere (tnpdja), etc., by the 

peacock, man, monkey, and by stringed *nd receptacles, one may determine time 
accurately, (22) Quicksilver-holes, water, and cords, topes and oil and water, 

mercury, and sand are used in these : these applications, too, are difficult .- ■* 

(24) -So also a dial (war ay o sin*} is good in daytime, and when the sun is clear. 

Such is the orthodox Hindu text relating to instruments. Nothing of material 
value appears to have been added to these instructions until the methods of the Yavanas 
were introduced, by Jlahendra Suri and others; but Rhaskarci (Stidham Siro- 
uinni XI, 10) claims to have invented an instrument called Phal&ka Yantra, 
which, he says, is an “ excellent instrument, calculated to remove always the 
darkness of ignorance and is the delight of clever astronomers. This instru¬ 
ment is simply a board divided by horizontals into &0 equal parts. At the 
centre of the 30th graduation from the top a pin, or style, is placed perpendicular 
to the board, and round it a circle is drawn of radius=30 divisions, which is 
graduated in ghatis and degrees, and attached to the pin is an index ami 
(pattika). The instrument is suspended by a chain, and is used for observational 
purposes. It is in fact part of a very simple astrolabe. Bhaskara did not 
seem very pleased with his instrument, for. he concludes (XI, 40) by saying 
“ But what does a man of genius want with instruments, about which numerous 
works have treated ? Let him only take a staff in his hand, and look at any 
object along it, casting his eye from its end to the top. There is nothing of 
which he will not then tel) i its altitude, dimensions, etc.” This sums up, very 
well indeed, the attitude of Hindu astronomers. 

Muslim Astronomy. 

74, The Muslim astronomers frankly acknowledged their indebtedness to 
Greek writers. Indeed they were to some extent the direct successors of the 
Greeks in intellectual matters, and the historical problems of their astronomy 
are much less complicated than is the case with the Hindus. In the middle 
ages they were the foremost astronomers of the world. They accepted the 
fundamental features of the Ptolemaic system of the universe. They were aware 
of the precession of the equinoxes, and discovered the slight movement of the 
apogee of the sun, and also they perceived the variation in the obliquity of 
the ecliptic. They discussed the possibility of the earth rotating on its own 
axis, but generally rejected th e theory. _ _ 

• Seir ihe Siifithtintn Siroma *m *i 30-51. The iiutrninttil 0 PI* ar " to !*■ a perpclual motion machine, 

which m&huU of a wheel with hollow (ftangiBtial) ipohi which an* *1M with niraciuy. ‘'The whstsl 
tba* fib'll will, when placed on an supported by two 1 ** 1 *. revoke of it* If. Iru. ih an old friend. 

* (jioapare ihn * Raliwiec Khornric an Ftulrt * describe I by Drlumlirt- At'rvnomif du Sfoym Agt, p. 521 _ 
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They fully realised the necessity for methodical observation, and, in prac¬ 
tical astronomy, they excelled the Hindus and Europeans of their time.' The 
first series of'regular observations, with the aid of fairly accurate instruments, 
appears to have been made at Gondeslmpur, in the south-west of Persia, m the 
first rears of the ninth century of our eta. During the Cahfiate of al-Ma'mdn 

(VD 813_833) at the observatory at Baghdad, all the fundamental elements 

of 'the Almagest were verified-the obliquity of the ecliptic, the precession of 
the equinoxes, the length of the solar year, etc. A measurement of an arc 
of the meridian in the region of Palmyra was also carried out dunng the same 
period and similar observations continued to be made throughout the Muslim 
world ‘until the middle of the fifteenth century, The observatory at Ca.ro was 
founded in the tenth century, and the observations there were recorded m the 
‘ Hilkimid Tables ’ (al-aij aHj&kiml). In Persia an observatory was founded, m 
A D 1074 at Nish&pfir, and there, in A.D. 1118 ,al-Khl*mi complied h» Sanjanc 
Tables ’ (al-zli al-Sanjari ). In 1259 a great observatory was founded at MarUgl» 
in North-West Persia, and there Nasvr al-Dto-TusI (mentioned by Jai 8ingh) t 

published his famous * Ilkhftnic Tables/ . 

With Ulugh Bog, the grandson of Tamerlane, the study of scientific astro¬ 
nomy throughout the Islamic world ceased. Ho founded a large observatory at 
dimanmnd to which he summoned such renowned astronomers as .Tnmshid 

^ KidI *■* *“ ; A1 ; ■W; 

Up undertook » complete tevisiou of the catalogue of the stars-based 
niioii direct observation-and himself wrote o preface to the tetta, a few month, 
before he perished by on assassin's hand. Jai Singh professedly followed l ng 

Beg in his astronomical work. 

The names ol many Muslim astronomers of the middle ages, such a- Ibn 
Rina or Avicenna, ai-Birini, 'Omar Khayyam and Averroes, arc familiar to everybody. 

-5 The practical view taken by the Muslim astronomers led to ottempts 
to improve the instruments in use, and to the design of others. 

The Maragha instruments. 

A brief description of the instruments used by Najlt al-Din al-TM at the 
observatory at MarSgha is available.* The theory oi these mstrumen.s was 

probably known to Jsi Singh (see p. 1). 

The Marftffha instrument* were— ,. 

(u A quadrant, or mural circle, constructed of wood, the radius of which 

was about 11 feet. The arc was of copper, 3 inches wide, and 
was graduated, At the centre was a copper pin, round which the 
albidade (furnished with two sights) turned. The alhidade teimi* 
nated in a point, and was moved by a cord passing over a pulley 
attached to the wall.____ _ _ L _ ... 

, 1t b thjit the wori* ol IxyMrt* into if* 

« It v> (dated in™ pffMiWv tinul Some taflwau* in directing tin- sewn- 

the ninth wntuiy ol bu[ lhv '^tU' of the Arab ^trmsoniy in catindy different from 

ti6« study ol aatewiomy by the -w* - ™ 1 

thUt *°For‘« of wilier ^ al-B S tUni, Op** i-vn. Ed. C. A. SMn* 
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(2) An armiUary sphere of five circles, viz,, the ecliptic, colure, great 
circle of latitude, the meridian, and the small circle of latitude. 
The ecliptic, meridian and small circle of latitude were graduated 
down to minutes, and the last mentioned was furnished with an 
alhidade, or lighter, A sighting tube appears to have been used 
on the alhidade (sec figure 68). 

jjj meridian circle of about it feet in diameter) furnished with an 
alhidade. 

(4) An equatorial circle fixed in the meridian. 

(5) An instrument for measuring the diameter of the sun or moon. This 

consisted of two sights fixed on a baT. The objective was pierced 
with a comparatively large bole, and was moveable along the bar* * 
over appropriate graduations. Special discs (like camera stops) were 
used with the objective. 

(6) The instrument of two pillars. At the centre of a bor supported 

by two pillars a pin was fixed, round which revolved an alhidade, 
or sighter, 12 feet long. Vertically beneath this pin was another, 
to which was fastened a graduated bar, 17| feet long, and along this 
bar the end of the sighter was free to run. This appears to have 
been a modification of Ptolemy’s parallactic rulers. 1 

(7) A large azimuth circle fixed on a pillar, traversed by two diameters 

directed to the four points of the compass. At the centre were fixed 
two vertical quadrants, furnished with alhidades, so that the alti¬ 
tudes and azimuths of two stars could be taken simultaneously. 5 

(8) Sine and azimuth instrument. An azimuth circle, similar to the pre¬ 

ceding, but in place of the vertical quadrants were two bars, moving 
in a groove, and supported by two other bars perpendicular to 

them, 

(9) Similar to No. 6, but with the bars horizontal, for measuring azimuths. 

The notion of increasing the size of the instrument as far as possible lias 

already been referred to (page 33), It is perhaps to Abu‘l Wafa that we owe 
nome of the immense instruments which the Arab works mention. With a 
quadrant of over 20 feet radius the obliquity of the ecliptic was observed in 

A,D. 995, The sextant of Aim M. al-Khojcnd! (C. AD, 992) was of nearly sixty 

feet radius. In the tenth century the aperture dial was used, and Naslr-a 1-Din, 
by utilising a hole in the dome of a large building, obtained excellent results. 
According to Greaves the quadrant used by Ulugh Beg was 180 feet high. 1 

The astrolabe/ the theory of which was due to Ptolemy, was improved 
ny the Muslims, almost to perfection, and many of these instruments were so 

1 The grad unit'd! haf* pf coiiT^o, ntwvram tlip chord* of this ares, rent! “aft much easier U> graduate 
n slfnight hue tium an anr. the triyntfnim cotlinLird to be the favourite jiwtsninn iit down tin* end of ttug 
cixlrtonlh century." {Jim e vKm p. &£>.) This u the Zdi nl Sku* Uttopn mfiilipttrd by J«J Singb (flee |wxge 12J. 

1 Np& 7 and 3 iff LDlen^ting lo up* an boiytg Ihf name in principle m the Rum 37). 

* 'Thr jf3wiAk(atkta i/nniru lA an aprrtum dial cf EhtP kind* 

* Sw u p. E. A. SMfiDrtt Prui* TtiR A*!r. tf QuIu njy Hrg n pp. lit*, xcvw> 

* That k tbu flat a#trolu,ta or AtfntobtMm iRmitjAturum. 
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beautifully made, as to become valuable works of art, as well as effitien 
calculating machines, and useful instruments of observation. As a portable 
instrument of observation it was only superseded about A.D. 1,31 by Hadley a 
quadrant; for purposes of astrological calculattons the astrolabe u. s«U m use tn 
the East. The flat astrolabe has already been described in some detail, as also 
has al-Zarc,ill's modification of it, and al-Birum s invent,on 1ms also been referred 
to (P. 37). There is also the linear astrolabe, or am I Turn (the rod of 
al-TM). 1 called ymhli by the Hindus. Great ingenuity was exercised in devising 
improvements and variations of the astrolabe, and there are numerous Arable and 
Persian work, describing the theory and construction of the instrument. The 
term nl-Asturlibi, aa a name suffix, was not at all uncommon.- 


European Astronomy. 

70 In Europe, after the death of Ptolemy in the second century of our 
era vcrv little advance was made tor a thousand years. The Christian church 
often opposed scientific enlightenment, and sometimes persecuted those who sought 
it ■ and the patristic writing* contain the grossest of astronomical absurdities. 

' But about the thirteenth eentury, sounder opinion* began to prevail, am 
. ,l,. ’ rly pan of the sixteenth century Copernicus wrote lus Be Bnofu/iornfnrs 

oJ m „ Cm JL. Tycho Brahe, Kepler, and Galilei preceded Ja. Singh by about 
Greenwich observatory was founded some forty years before that at 
was wriiten at the time of Jai Singh's Hrth; n^ena 
died a few years later; Flamsteed's catalogue of stats was first printed m 1688, 
it Hoc in 1703 predicted the return of the comet named after him, tb • c 
ration * of light was discovered in 1727. Jai Singh succeeded to the Amber 
territory in Refill, and the Delhi observatory was built aim,it l-2t. 

77the European instruments, at the beginning of .he seventeenth century, 

, principle. muob the same as those used by the Greeks and Arabs. Ty cho 
Bribe ^>(Ul«D bad several sextants and quadrants, a parellactteum (see 
p 82), ind armillary circles ; Hevelhu, (1611-1887) had .somewhat ,malter battery 
oi similar instruments; and Flamsteed (10461720) used a quadrant of 3 font 

ta'tS for the general nbrervntion of heavenly hodiea ut 
,609 by Galilei, and telescopic sights were first systematically used about A.D. 
Z Gascoigne was probably the first (circa A.D. ,640) to introduce tht*e, 
lid be also invented a micrometer. Some twenty years later. Huygens devised 
independently, the same contrivance. Hevelius introduced .be vermer and tangent 
screw ■ Flamsteed mod cross wires in the eye pieces of hts s.ghtem, Gable 
. , . pendulum for short time measurements; Huygens devised a pendulum 

climk ( 1636 ), and Jean Pioard (162 0-1682) introdneed regular time observations 

: *r X .’Xl, b. S.|i,v U A.,a,UU (h. A.P. «,-«) 

*J2»\ ■I.BuxUn rt-AAmM ,M *-”■ "»*")• 

* 8vr Dkirric»'» Tytlo Bnht, *ii, 315 d- ^ 
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at the new observatory at Paris. * 1 J. D. Cassini (1625-1712), it is stated, devised 
schemes (never realised) for the construction of gigantic instruments." 

78, The Hindus, Arabs and Europeans all derived the fundamentals of 
their astronomical science from the Greeks. It was the Hindus who first pro¬ 
fited by Greek experience, then the Arabs and lastly the Europeans. The 
last, indeed, obtained their knowledge of Greek astronomy primarily through the Arabs. 

The following chronological scheme exhibits fairly well the relationship 
between the three schools :— 

Gun 

lltntonj. 


PTOtXMT 
Oat, A.T>. 


Hutde 
£tfc Cfl&T t 


Amu 
EUb Cent 


Etiorfi^ 

Ufh CrH, 


i 


i 

J 

etc. 



l£I 

MWU-IT43* 

1 Ais ctiedlent, j^hboygh *itl too brief, »c count ol Europcpii rostrumeni* m given in the i7tffary of 
Agronomy by Q. Forbc» p while Preyr'e TycAo Bruh? is the only hdequuc^ nrrount nf nnxiurfal astronomy 
f,ami invtnamentR) in the Eng]Lib Inngtmg?. 

1 A- Berry —A tikort ffutory o/ p. 100. 
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Wien we examine carefully the methods of tie several schools wetad 

—r^ k ,r=.i ( r= 

T& «■—tmTw^ ZZSTmZZn 

neglect of observnt.onal :astronomy. ^ ^ neglecWj alinost 

-emphasised toe ^ describe are either lor purposes of, e-hat may 

be" 1 termed* theoretical calculations, or for purposes of demonstration (see page 
built no observatories and they made no systematic records 

obaervationSa astronomers took an entirely different line. 

The Arabs ami ^ oWrv4tion . but ,bey hardly suspected 

SrJJTSr? re-examination of the Greek theories. They built observatorms 
fnd devisil improvements in the instruments, and set about verifying and eur- 

tecting Ptolemy’s Aments. not qu j t * ^ bound by tradition 

TV,m Vnrooean astronomers were, pernaps, nob 4 m , . , 

The European dea th of the Ptolemaic theory and 

as were the Hindus ant 1 ‘ impetus to research, and the Euto- 

the invention the methods of their predeceaeora. They 

pean pjabili^ of observational error, and devised means to 

it they were forced to consider, as of great rmportance, facrh y of 

observation,^nnd^ padually they devised instruments of type, nrnmagmahie to 

their Arabic teachers. 


Chapthb XIII-THE EVOLUTION OF JAI SINGH'S INSTRUMENTS. 


79. The history of the evolution of Jai Singh's astronomical instruments 
would, if it could be recorded, step by step, be of great interest; but detailed 
descriptions of the larger Arabic instruments are not generally available, and 
we must, for the present, be content with general indications of the lines of 
development. Generally speaking, Jai Singh's instruments are copies of, or direct 
developments from, those used by Ulugh Beg and his predecessors and suc¬ 
cessors. The flat astrolabe played an important part. Jai Singh's first attempt 
at improvement was apparently the construction of huge astrolabes, such us 
those shown in figures 28 and 29, and the construction of large graduated circles, 
lie had some excellent Arabic and Persian models {figures 5—20) but the metal 
instruments ho had constructed do not appear to lie of that fine workmanship 
that adds so much to the value of many of the medieval astrolabes. As far as 
can be gathered Jai Singh did not use the ordinary sextant and quadrant instruments, 
such as were used by Nasir ahDin Tusi, Tycho Brahe. Flamsteed, and others. 

It has been related how be discarded brass instruments and pinned his 
faith on large immoveable masonry instruments: and some of these he claims 
to have devised himself. As 1ms already been pointed out (pages 12, 13). the 
basic idea was not peculiar to Jai Singh. The Arab, Persian and Tartar astro¬ 
nomers had constructed huge instruments j and they had formulated the notion, 
that the only bar to accuracy of observation was the limit imposed by cir¬ 
cumstances oil the size of the instruments. Jai Singh was prepared to carry 
out the idea, on which this proposition is based, to, what he thought, a 
reasonable extent. 

80. The bases of tbs designs of the particular instruments are always 
obvious, hut Jai Singh showed very considerable ingenuity in the actual con¬ 
structions. The Jai Prakas is practically the hemisphere ol Berosus, somewhat 
elaborated, and the Samrat Yantrn may also be considered as evolved from that 
instrument. This only means, however, that the dial of Berosus was of a 
very general nature. It consisted of a hemispherical bowl, placed with its rim 
horizontal, and in the centre and in the same plane as the horizontal edge, was 
fixed a bead, whose shadow on the concave surface of the hemisphere marked 
the trace of the sun’s diurnal path. The resemblance to the Jai Prakas is 
striking enough, but it is doubtful whether Jai Singh had any knowledge of 
the earlier instrument; he could only have learnt of it from the Muslim 
astronomers (e.#., al-Batt5ni, who refers to the principle of the instrument), The 
Jai Prakas, however, is something more than the bowl of Berosus, for it is 
fully graduated, and appears to have been based upon the Muslim instrument 
known as d-Mmo/M, descriptions of which are found in the works of the 
Muslim astronomers. 1 

1 Sec L. A, Mtmmrr it* dr* p. 15lf* : utao a. dpsoripikm by 

a I-Bu rjA-ndl; ok> i n of Byrtliing + ISOfk Onr i^tbn nf book m — “ Huw to niak^ a 

dyall on a co neavo brmi*ph*ikiv of a globe two fe'V*ra]l Wale**" and \hi- iwerad WUy i* that of tbo Jai Prakfl^- 
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The Samrat Yantai might he considered as a section in the plane of the 
equator of the hemisphere of Betoaue, ami with the head extended mto a hue 
parallel to the axis; but so eould any dial he referred to the same origin. 

In the British Museum are many dials of the seventeenth and early 
eighteenth centuries constructed exactly on the same principle as the fcumtat. 
The Samrat instrument is an equal hour instrument, or eqmnoct.nl, as sue! 
instruments ate often called. The evolution of the equal hour instrument » of 
eousiderable interest. In early instruments the time from sunr.se to sunset » 
divided into 12 equal portions. These portions of tune vary in length from 
one-twelfth of the longest day to one-twelfth of the shortest day. The, were 
therefore called unequal hours, also temporal hours and planetary hours (see 
page 221 Of these varying hours, naturally, the cqim.oct.al hours were the 
and on the introduction of mechanical docks, the equinoctial hour became 
T si sun-time measurements. According to IWambre. A1td.l H.su. 
L,.Hasan b. ‘All b. ‘Omar al-Marrakoahl, Aba ‘All) fff* the first to mtnto the con- 
itert hour notion among the Muslims; but be seems to have employed m 
the usual manner, the horizontal plane for the shadow traces, while Jai Singhs 
instrument receives the shadow of the inclined gnomon on a circular arc lying 
in the plane of the equator* and, thereby, secures, in the simplest manner, equal 
in tne p origin of the tangential scales on the 

h, ’" rS , Jerti, ,,i the 8 sun. is not known; although Ibn 

w!- ,m | ot w Muslim writers on astronomy, had worked out the theory. 

Uhdu astronomers 'did not employ tangent scales, and refer to no other dial 
!L, the vertical gnomon, und to no other dial moasmements than the length 
^ t u i • TI.ev made no direct angular measurements, and an angular 
« *l£Zm w aWt contrary to the spirit of their teaching* The 
- atrumente that can be attributed to Jai Singh's genius are the 
n- 5 “ ‘ Yemr. and Rim Vautra, but these ate airnpiy enlargements, in masonry- 
worn f 'k“th and combined agimuth and altitude instruments of the 

“'indicator of .he course .1 evolution of Jai Singh's in,tntments is still 
to he seen at Benares, on the instrument known ns the Chakra k antra. The 
wedge '((urns or 'hors.;) which fastens the parts of thts mstrument together 

is of the traditional Arabic design. 


- * did - ^ by £li« Alfett »b«.t A.D. 1020 ; * 

K J,^ ty T U. Cot*ein * «. * **.*. oi >70, o*t«J t ^ " 

out the «H.pkte theory of tl* to****, vortfc* incline qMM «4 

ClC ',rPi,.» Dftiht ia Oir history k«i»c. Thn Hiadi* wmtd to avoid din'd afigulnr 
. Thts » ^ rbs wnlahl m ,| Mre mi or rale* noting to amrIcs my Indiam 

»W- q»e« m. -ism »«.. •«» «- d- »w- — "7 

- v * 1 V , .1, .. Jroin -otuvi'a) lor so laraiUar Mrt ckmcntwy a quantity w an an*!*. 

from ahroatl .He ^> > 7 ^ ^ ^ , (( ^ 

winner* at k-jwt. 

by n »l» smart*, they Appear to have made no use whatever, in ^eir eolation*, 

_ol the aegic.” 








Chapter XIV,—CONCLUSION. 


81, A considerable amount of evidence showing the relationship between 
Jai Singh’s astronomical work and that of his predecessors and contemporaries 

has been recorded. Let us recapitulate. 

The names of the early astronomers and mathematicians referred to in 

works attributed to Jai Singh are ;■— 


Endid ***-* + « 

, Circa 

BC. 390 

Hipparchus 

* 

„ 130 

Ptolemy * * ■ * - * 

»■ xl» 

A.D. 100 

'Abd-ul-Rulpiiiib. s Omar abu'Miimin al-Sdfi 

, J5t«i 

„ 986 

Ragir ahPlft ahTM * * * 

. Both 

(( 1201 

* Alt h. Jliihammad nhSavyid aKSh&nf ■ 

• 

„ 1339—1414 

jti wx&h id b Mp 3 f ud JijM fil^Din nl»K&$bl * 

. Circa 

„ 1440 

Ulugh Beg * * 

. Died 

„ 1449 

Blaulunu Chnud 

. Circa 

„ 1550 


Of those who came actually into personal contact with Jai Singh the follow¬ 
ing have been mentioned: Jaganuath, Muhammad Sharif, Muhammad Mahdi, 
Padre Manuel Figuercdo, Father Andre St rebel, and hb companion. Father Claude 
Boudier, and Don Pedro de Sylvft. 

We know that Jai Singh possessed at least some of works of Ptolemy, 
ITIncIi Beg. P. de la Hire, J. Flamsteed, and also certain European astrono¬ 
mical tables and mathematical text-books. He had Ptolemy’s Almagest 
translated into Sanskrit, and a text on the astrolabe compiled, and he 
brought up to date Ulugh Beg's celebrated catalogue of stars. The instruments 
themselves are evolved from the types used by the Muslims, and Jai Singh s 
inspiration waa avowedly of Muslim origin. 

82. The actual points of contact between Jai Singh's astronomical work 
and that of his predecessors and contemporaries have been generally indicated- 
Jai Singh himself was a Hindu and had Hindu assistants, the most notable being 
Jagannfith, who. however, it seems, was employed, because of his knowledge of 
Arabic— a somewhat unusual qualification among the Pandits of the day. 1 
He refers to one Hindu astronomer by name (see page 11), who was, however, 
renowned because of his knowledge of Greek methods. Jai Singh was, no doubt, 
well acquainted with the works of the Hindu astronomers, hut he does not seem 
to have made much direct use of them. 

Jai Singh had certain Muhammadan assistants (see page 5), he was 
acquainted with the chief astronomical works of the Muslims, he brought one of 
their star catalogues up to date, and he copied the instruments of the observatory 


1 Tbetv m h Uln thui Jai Singh woi rpjiroiiihtd with the (tntpfOeni thAl the- Pumditfl. precluded 

to gmit h-siming, wm rci+imly iptumni of Arabic acbaUmltip ami h.- producpd JncnnmltL who trucw- 
lalod from l\vt Arabia iW two gr^at works—Euclid'a EUm&ni* and Ptotany 1 # AimayttL Jfrn SudJukam 

DviTedi’j CunrfJbitaniifPHi* p, jflg f, 
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at Samatqand. Ills masonry instruments were designed after the notions taught 
by the Muslim astronomers' (page 13), and had absolutely nothing in common 
with those described in Hindu works. 

The contact with European astronomical knowledge may not have been 
really close, but it was very definite. Jai Singh sent certain of his assistants to 
Europe to ’ get books and information; tie invited European priests to visit 
him, and lie obtained European tables. There is evidence, however, that hie 
contact with European knowledge was more formal than intimate. 

83 W'e may leave out for the moment the question of European influence, 
as Jai Singh was reailv only on the border line of that influence, and consider 
the Hindu” and Arabic schools. The characteristic difference between these is 
connected with practical work. The Hindus were practical astronomers, only 
in so far as thev could calculate, from a given starting point with given rules, 
the' positions of 'the planets, eclipses, etc., with some accuracy. Tina of course, 
imnlies a verv considerable amount of knowledge and skill; but the Hindus 
had no instruments of precision of their own before Jai Singhs tune; neither 
were thev interested in making practical observations of tiro heavenly bodies. 
Their rules and the elements given in their approved works sufheed them. 
The standpoint of the Arabs was entirely different: they were partrcnlarly 
interested in the verification and correction previously recorded results. The, 

built what were then the Bnest observatories in the world, and they perfected 

fi, fl astrolabe to an extraordinary degree. 

The difference between the two schools is too well known to need elabo¬ 
ration ' and the category into which Jai Singh's work places .t*lf .» perfectly 
“early’ indicated ; and the hypothesis that he received bis mam astronomica 
inspiration from Hindu tradition is completely eliminated He followed the 
martvr prince, Mirra Cbrgh Beg" of Samarkand. Since both the Hindus and 
Ambs obtained their astronomy from the Greeks, they have much ,n common, 
but the work of Jai Singh was exactly of that nature which differentiates 
b tween tbe two schools; and. what the Muslim astronomers had, and, what 
Hi I s lacked, attracted Jai Singh. In hi, work there is no pom. of contact 
with Hindu astronomy that did not also touch the work of the .Muslims, while. 
Z the other hand, there are many points of contact between Ins work and Mushm 
astronomy that are remote from the teaching of the Hindu schools. 

Jai Singh’s apparent indifference to European achievements la rather rc- 
r. lt it raust be borne in mind thnt, he, very probnbly, only became 
’“".tinted with their results after be bad conceived, end partially carried out. 
Ms q “tme 0 ^ astronomical research. Hi. tables, it is supposed were compieted 
, T\ n 17 ., s a„d the observatory at Delhi had been limit a few years 
about . . . - • to n28 or n29 lhlt j„i S i n gh sent Padre Manuel and 

others^o Europe, and in 1734 he was visited by Father Boudier and hU com- 

T* Tb ‘ jates might be considered sufficient to account for Jai Singh a 
MglKt Of the European discoveries, but there i s possibly enother explanation. 

; ^ afcwatlstlm. Mw it* ■»«* ”‘l >*• “ -***• d " ,0 "" 

for rcligi^ piwposs*- o 
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Galilei died a prisoner of the Inquisition in 1642, and his books were not 
removed from the Index until A.D. 1835: Jai Singh’s European advisers appear 
to have been chiefly priests, who, if they were good Catholics, 1 would, at that time, 
have hardly upheld the teaching of Copernicus, Kepler and Galilei > More 
recent European discoveries might thus have been discredited in Jai Singh s 
eyes, and he would, at any rate, have found it difficult to reconcile the persecution 
by authority, on the one side, with the claim to brilliant scientific discoveries, on 
the other. 

S4. Jai Singh began his work at a time when European astronomers had 
arrived at, what may lie termed, the modern conception of the universe. The 
discoveries of Copernicus, Kepler, Galilei and Newton had been accepted, and 
scientists were settling down to work out, in detail, the results of theiT dis¬ 
coveries. Flamsteed's great catalogue was completed just as Jai Singh began 
his work. But Jai Singh was not in close contact with European ideas, and 
hia first astronomical education was probably the study of the work of the 
Muslim astronomers, particularly Ulugh Beg. In the special circumstances of 
his experience, it is not surprising that Jai Singh refused to follow the lines 
of research indicated by the European astronomers. Had he done so, his power 
and his wealth might have enabled him to alter the whole condition of Indian 
scientific scholarship, and, instead of his labours ending with hia death, when 
“science expired on his funeral pyre," there might have been established a 
living school of research. The troubled condition of the country, and the general 
state ol civilisation in it, were antagonistic to the progress of science, and Jai 
Singh's work is now only a tradition, and his observatories are archaeological 
remains. 

That Jai Singh made no new astronomical discoveries is hardly a fair 
criterion of the value of his work ; for, indeed, a great deal of the most valuable 
astronomical work is not concerned with new’ discoveries. His avowed object 
was the rectification of the calendar, the prediction of eclipses, and bo on— 
work which entails a great deal of labour, and generally shows no remarkable 
achievement. Considering the state of the country in which Jai Singh lived, the 
political anarchy of his time, the ignorance of his contemporaries, and the difficulties 
in the way of transmission of knowledge, his scheme of astronomical work was 
a notable one, and his observatories still form noble monuments of a remarkable 
personality, 

* Condt-ro nut k>n of tb* comet teaching »» not con Kurd to the Roman 1‘atholk- t'lmrcli. Sec DR JIorqas's 
A Jiwtgtt 0/ jWdflTM, in which nupioro tin troffcn opjKwing the ’ Newtonian theory ’ an* quoted. 






APPENDICES, 


A.—Star Catalogues— 

(I j Jaj Singh's Tefrtbn of L T lugti Bog's catalogue. 

(S) Mahoniln\ fc 0 B*t 

(3J jS^ryl Si'cMAtuifo lUt, 

(4) Stars oo the KarqlH instrument, 

a—Astolog^TabWa, 

C.— GoograpHics.1 El^rncnlfl— 

(1) Astrolabe Gazetteer. 

(2) 8c^ d&termmationH of the position* of Cjjaln K E*lhi. 
{3} OhMrvntqry oWont*. 

(4) Climate and Icmge&t day* 

fr—Technical terms atul symbol^ and tables— 

(1} Xnmorieal notations. 

(2) Signs of the? 2odiac + 

(3j The planet* 

(4) Nakibatras and MftGTiIi 
{5) Obliquity <rf the «Uptte* 

(Bj iMUrtbcif tbe vear. 

(7) Pfp. cagaun. ol the e^QillQXCiL 

(5) Hindu meiwuiMof tima and length. 

a—CllTtmolog> 

Fi—Bibliugrafihy. 





appendix a. 

Star Catalogues. 





astronomical observatories of JAI SINGE, 
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So, I Dt-aefiptifeU as in tb; M^k LoHgjUnda. 


1. 

2. 

3. 

4. 

5. 

ft. 

7* 

1* 


Latitude, 


a * 

m 27 N 


COflffTEtLmOS OF 'THE utti.e. 

Beau 7 Stabs- 

Be * 

Star on the otlgc of llio Bi’af « 2 *4 *3 

Second eiar on the fail, fifesG to 2 20 33 70 0 

It 

Third star on the tail* nest to 3 5 3 j 73 13 
ft 


Star on the left hind Owl : 2 
Bi&n on the fore-log, one to 
ihe right of thfe other. 

Star on the right hind foot, am 
to the north- 

St nr on the left foredt-e, to the 
BontX 


3 21 21 

3 28 2:i 

4 0 3-7 


Slot on the right f o the i 18 3 
Barth. 

Straight to tin? south from th* 4 3 3 

wveplh fft*T + 


75 30 

78 if 

73 0 

75 U 

7L 45 




Right aj}cts?tsiow ts 

Polar 

longitude. 

Dw^natkil 

Degrees 

and 

minuter 

CSha^H and; 
puLoa, 

■ i i r r 

n i 7 o 

□ * 

m on 

B i 

3 Jft 0 

58 0 

0 21 10 

S 3 10 

21)3 0 

48 50 

8 241 1 U 

82 0 

283 0 

44 10 

n 4 i o 

| 78 30 

| £47 D 

41 JO 

1 8 U 15 

70 !i 

240 30 

41 35 


7 17 r> 

7 23 O 

7 H 15 


75 0 

73 45 

7rt 30 N 


224 30 

232 30 

221 441 


37 25 

38 43 

35 57 



IL CoysrEixA!rtO!i of the 

CJBEAT REAB. 








1» 

On the tip «f the nu^ of the 
Bear. 

3 1U 3 

40 15 N 

3 28 30 

fl£ OH 

120) 0 

20 10 

4 

2. 

Firat star in the eye of the Bear 

3 10 57 

13 41 

4 l 50 

05 10 

124 30 

20 45 

5 

3f 

Seeuiul fftar in the ey.‘ of the 
Bear- 

3 20 42 

43 45 

4 3 0 

63 6 

120 0 

21 0 

5 

4 

Two star* on the forehead : the 
first of them- 

3 20 33 

47 54 

4 7 0 

(SO 0 

131) 0 

21 40 

5 

5. 

Sfmnrl fitnr on the forehead 

3 21 51 

47 51 

4 % 40 

I IS 30 

| 

131 (O 

21 m 

5 

4 

Star on the ear 

3 22 33 

| 51 IS 

4 y m 

! 72 o 

137 0 

2 2 50 

5 

7, 

Two stars on the nech* the firai 
of them* 

3 23 51 

i 44 42 

4 S 30 

ft5 0 

13) 30 

21 55 

1 

4 

s. 

Seeoml star on ilw nock * 

3 25 57 

44 M 

4 13 0 

04 30 

136 0 

122 10 

4 

0, 

Twn it tarn tin tb o chest, iht? one 
to the south* 

t 5 27 

38 0 

4 10 30 

53 30 

142 45 

23 48 

4 

HL 

On the ohest, to the north 

4 2 30 

42 30 

4 20 20 

j 00 30 

143 30 

23 55 

4 

31. 

Two stars fill iitn knee of the 
faftt+bft: the one to the 
•oath* 

4 3 30 

34 43 

, 

4 15 15 

52 45 

138 0 

n 0 

3 


Magnitude, 
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Rian? a&cees xotf in 

No. 

Dcncrlpiion m tn tbe ^ 

i 

ongituite. ] 

Latitude- 1 

Polar y 

ongliud?. 

teclinfttion 

Degrees ^ 
und 

minutes. 

Bh&|ia and 
|uilas- t 

H 



E ' 

• < 

fl * ' 

• . 1 

i * 

8* P- 

12, 

Two star* tin ibe p*w ot the 
hind bgi the mu? to the 
nortEi- 

3 20 3 

29 21 S , 

4 20 30 

44 5 X 

149 30 

24 5 

1. 

Larg,- brilliant between 

the fwt- 

VL CtfSmUATlON Of TttH 
Cnawv, 

6 20 39 

31 18 N 

7 3 0 

31 OX 

210 0 

35 0 

t. 

Vrty brilliant 

7 838 

40 30 X 

7 2* 0 

38 OX 

231 0 

3S 30 

2. 

Farther than thin . 

7 5 4fi 

48 34 

7 22 0 

30 15 

229 5 

38 11 

3» 

Abort 1 thr H«nil to lb* nortl ‘ - 

7 5 18 

48 31 

7 22 40 

32 5 

229 50 

38 IB 

4, 

Thn thini. to tbo north el thb ■ 

7 7 48 

80 45 

7 20 0 

33 15 

233 15 

88 S3 

A 

Xonr to the (treat *b»r to tlio 
iouth- 

7 10 20 

44 27 

? 25 O 

27 O 

232 15 

38 43 

6. 

NVnr this, n little to the north , 

7 12 54 

44 42 

7 2fl » 

27 0 

233 50 

38 88 

7, 

Xe#r to the ustih. to the north . 

7 15 3 

48 0 

7 28 30 

28 0 

236 0 

30 20 

& 

K«u to number 7 i * 

VTL Hkecttlm. 

7 14 3& 

49 39 X 

8 0 0 

31 OX 

237 30 

3D 35 

1- 

On ttw forehead 

8 12 3 

37 9X 

8 10 » 

11 30 K 

254 30 

42 25 

p 

On the right shoulder 

7 27 58 

42 54 

8 0 0 

22 0 

244 30 

40 45 

3, 

On the* right ana f . * 

* 24 M 

3D 2T 

8 3 10 

19 0 

241 0 

40 10 

4. 

Otl ths right side . 

7 21 37 

37 0 

8 0 27 

17 30 

238 9 

30 40 

A 

On thr fctt HhouUer 

8 10 27 

47 45 

8 18 0 

25 0 

254 50 

42 28 

fl. 

On thr left 3ftn 

8 10 40 

49 15 

8 20 0 

21* 6 

259 0 

43 10 

T 

On the lrft sido 

8 22 21 

51 48 

8 25 0 

28 0 

261 0 

44 3 

8. 

In the (eft pnlm ; thrw of these 
to lb* eftJit- 

8 28 54 

S3 21 

8 28 SO 

28 30 

269 :w 

44 45 

a 

Of tin? remaining twnv tb# one 
la tbe dOftL 

& 20 33 

53 30 

8 27 m 

30 0 

267 30 

44 35 

m 

Of th«e, the cine to tt» Njatb. 

. 

8 25 3 

82 30 X 

8 20 45 

28 50 

1 - 

208 15 

4-1 23 


■t 27 


3 


1 


2 

4 

4 

e 

4 

4 

4 

4 


3 

3 

3 

4 

3 

5 

4 
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The above extracts (Al) show the form of the Jaipur catalogue, hut omit two columns 
headed respectively PM .Vdm and BiMu Kim. as these two columns ore mostly 
blank [see figures L and 4]. The essentia] parts of the catalogue, which ore git en beku* 
(Appendix Al l), ate the longitudes, latitudes and magnitudes, the other columns 
consisting only of derived elements. The verbal deseriptions of the stars are simply 
translations tom Ulugh Beg's Catalogue, and the namee of the e,mstcllat,oils and stars 
when given, ore mostly transliterations or translations of western names, e.j. oarp 
(Draco), KnM-us (Cepheua), Silayak (Lyra. Ar. Shfff.k), Ymta*, (» 
Dalphaina (Delphinus), Trikonn (Triangulum), JavvSro (Onoa, Ar. .laursi , k. tu, 
(Cetus), Nauki (H.vH Muchchhi Tanuvi (fiscis Austro is), Am miikh, I am 
al-Faras). Mnkara Puchehlia (Danab nl-Jndi), DdH» (Corona Bnrcalu, Ar ol-ikhl, Jut 
iil-Kurasl (Cassiopeia, Ar. /At al-Kursi), Arnava (Lepus), etc., etc. For the ui,classed 
stars (in/oLto) the expression XMnju (Ar. KhUrij) >Mi (Ar. Mr at) is used. 

The term guMiht (‘ > cluster ’) is employed *° dc " ot ° “ , • u 

1,1 the following table (A 11) an asterisk • indicates that there » a diserapanty 

betw^i Jai S igh® values and thosa in Body's veraion of Ulugh Bogs Catalogue 

52 .i 

^^a^wS»,ieud««muie«auo«n*,p«m,rfa.i™<mfcg». 

”■ “rri 

the MS. was copied from another Devanfigan MS., which, m its turn, 
rndiea o f Persian script, There are numerous examples of what appear 

symbols (see page UD for S and 8 4and 
to be the re. wWch confusion is caused by the omission of the dots 

'.KTS#! 22 £2 —*• - “*■ - 

Tai Singh’s numbers 1008-1018. ___— -- 

_ - r - ~ b eykt^Uy dun. with h U ™ «*** 

* The MS- Ui a gn+td csju. - _ < \ j t The cojiv was rnwJr in. Ssuur»i 1WH. 

jwpor, 8-itX l£ infill*, ■» OcVAnlgMi chAm 






.)$ ASTRONOMICAL observatories of j at bin oh. 

A. 1*1. The Jaipur Catalogue—Longitudes, Latitudes and Magnitudes. 
(This is Ulugh Beg’s Catalogue with 4 C 8 J added to the longitudes.) 
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L4 9 

5 > 

883 

18 

fij 1 

4 10 SL 

80 O 

5 


885 

' 5 

c 

4)13 

(1 0 

4 

m 

. 19 

*r 

4 14 48 

50 51 

5 


890 

8 

ito 

4 L3 48 

12 0 

0 

865 

SO 

A 1 

1 4 14 3* 

57 21 

6 


897 

7 

& 

4 16 36 

13 0 

4 

866 

21 

A 1 

* 4 IS 33 

57 40 

5 


6118 

| 8 

T 1 

4 22 0 

15 fl 

4 

807 

22 

1 f1 

4 20 24 

52 30 

4 


800 

r 

i 

4 25 36 

14 39 

4 
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3<'G. 

5o, 

i 


Loafcltod^. 

i 

Lftimfo* J 

*** 




H 

4 

# 

, * 


WNI 

UJ 

T l 

4 

22 

3 

16 42 S. 

4 

noi 

n 

A 

4 

22 

51 

21 42 

6 

002 

12 

a 

4 

& 

39 

23 30 

2 | 

tM>R 

(3 

V 1 

5 

2 

S3 

30 0 

4 

004 

1-1 

u* 

fi 

4 

21 

23 16 

4 

005 

m 

X 

5 

A 

13 

32 0 

4 

, im 

la 


5 

11 

12 

24 10* 

a 

907 

i? 


4* 

14 

0 

23 30 

4 


i§ 


6 

16 

45 

22 0 

a | 

m 

10 

$ 

5 

24 

51 

25 30 

4 

DIG 

20 


5 

25 

IK 

30 2) 

4 

on 

21 


0 

4 

0 

21* 42 

4 

912 

22 


a 

7 

IS 

33 43 

4 

013 

22 


0 

9 

13 

31 m 

3 

014 

24 

r 

a 

22 

3 

13 45 

3 

| 916 

25 

IT 

1 

r. 

1» 

13 OS. 



Informal ae 


010 

1 


4 0 24 

22 30 8. 

3 

017 

2 


5 3 12 

10 12 

4 ^ 

Crater 

{Vdtiya vohu guild pdtra) 

IDS 

1 

a 

5 20 3 

22 42 S, 

4 

OlVI 

2 

y 

5 20 3 

10 43 

4 

»;o 

3 

£ 

, 3 23 0 

17 42 

4 

021 

4 

£ 

5 20 45 

10 33 

5 

022 

n 

€ 

j ft 22 30 

13 21 

1 4 

023 

6 

V 

0 2 3 

17* 48* 

4 

024 

7 

s 

5 25 3 

ll 24 s. 

4 


Corvus 


925 

1 l ! 

a 

0 6 21 

22 G& 

*1 

029 

2 

e 

0 8 0 

19 IS 

5 

9*7 

3 

t 

6 10 33 

IS 15 

S 

1-—---- 



*'■[ 

|U|rr, 

iatkjfcvk. 

Lulllu'k, 

mas. 




8 

o 

J 

* 

#■ 


938 

4: 

r 

a 

6 

54 

14 

ik a ! 

3 

929 

s 

£ 

6 

0 

30 


0 

3 


9 < 


a 

10 

9 

11 

30 

4 

m 

■» 

$ 

a 

13 

43 

n 

40 

3 


Centaur us { 2 Ta the wr«) 
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ASTRONOMICAL OBSERVATORIES OP JAI SINGH. 


?to P 

So, 

B«iw. 

| Lunokadf. 

MUirti 





8 

* 

i 

• 

* 


960 

21) 


7 

10 

9 

43 

o& 

3 

m 

30 



I s 


- 

* 

■ ■ 

M2 

31 


7 

3 

49 

61 

10 

a 

M3 

32 

£ 

7 

0 

9 

61 

40 

2 

064 

33 

/ 

7 

0 

0 

66 

10 

3 

M3 

34 

S 

7 

4 

BO 

66 

20 

2 

0641 

& 

a 

8 

2 

9 

41 

10 

I 

mi 

36 

y 

7 

17 

50 

45 

20 

o 

I 

068 

37 

E 

7 

8 

29 

49 

IDS. | 

4 1 


Lupus 


MO 

1 

o 

7 

21 

15 

25 

oa 

3 

070 

2 

a 

i f 

29 

33 

30 

3 

3 

071 

3 

c 

7 

26 

12 

21 

28* 

4 

972 

4 


7 

20* 33 

21 

IS 

3 

973 

5 

e 

7 

20 

45 

25 

12 

4 

974 

1) 

7T 

7 

23 

27 

27 

30 

5 

975 

7 

J8 

7 

24 

15 

29 

12 

5 

976 

6 

f 

7 

26 

30 

29 

0 

5 

977 

0 

P 

7 

26 

12 

29 

57 

5 1 

Q78 

10 

s 

7 

29 

29* 

33 

10 

4 

979 

u 

T 

7 

13 

49 

31 

20 & 

5 

990 

12 

1 

7 

15 

21 

30 

30 

4 

981 

13 

K 

7 

18 

33 

29 

24 

5 | 

082 

14 

V 

8 

o 

0 

27* 18 

4 

083 

16 

P 

8 

2 

27 

15 

45 

5 

964 

16 

7 

7 

29 

3 

13 

21 

5 

M3 

17 

\ 

S 

0 

0 

13 

30 

5 

966 

18 

< 

7 

£0 

41* j 

13 

6 

6 

987 

ID 

S 

7 

21 

6 

It 

30 S. 

5 


Ara 


968 

1 1 y 

s 21 2 a 

22 40 S, 

0 

989 

2 < 

8 $4 0 

25 45 

4 


Jftl* 

* 


LffiUgttOllf. 

Latitude, 

Mafr. 

MO 

3 

$ 

s 8 ' 

8 Id » 

£ r 

26 30 S, 

4 

991 

4 

a 

8 14 20* 

30 20 

5 

992 

5 

/3 

8 IS r>3 

34 10 

4 

M3 

6 

*7 

8 13 40 

33 20 

4 

1 904 

7 

0 

S 14 58 

34 OS. 

4 


Corona Australis (Mufeufa) 


096 

1 

1 a 

9 

2 

15 

22 

oa 

4 

996 

2 

c 

U 

5 

42 

2L 

19 

6 

997 

3 

£ 

0 

6 

24 

20 

30 

G 

998 

4 

£ 

9 

8 

0 

19 

51 

5 

909 

5 


0 

9 

24 

IS 

18 

5 

1000 

6 


0 

10 

18 

17 

18 

3 

1001 

7 

y 

9 

10 

9 

16 

12 

*| 

1002 

8 

S 

9 

9 

42 

15 

15 

5 

1003 

9 


9 

S 

24 

13 

12 

5 

1904 

IQ 


D 

8 

9 

14 

30 

6 

1005 

n 

i 

LI 

5 

33 

16 

0 

5 

1009 

12 

K 

9 

3 

15 

Lfi 

0 

5 

1007 | 

13 1 

X 

9 

4 

D 

18 

36 a 

5 


Piscis Austria us {Mmhehhi paniivi) 


1009* 

1 

1 0 

ID 

24 

48 

21 

30 S. 

4 

1009 

2 

y 

10 

28 

IS 

23 

30 

4 

! 1010 

3 

5 

10 

29 

3 

23 

4S 

4 

ion 

4 


ID 

28 

64 

17 

43 

4 

1012 

5 , 

p 

10 

20 

3 

21 

0 

5 

1013 

6 

£ 

1(0) 36 

15 

10 

43 

3* 

1014 

7 

X 

10 

22 

55 

16 

15 

5 

1015 

6 

V 

10 

10 

30 

13 

30 

5 

ioje 

9 

& 

10 

15 

27 

16 

54 

5 

1017 

10 

4 

10 

14 

33 

18 

33 

4 

1018 

"i 

K 

10 

14 

33 

23 

15 a 

3 


* No. 1009 is omitted. 
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Longitudes. 



■1 elI Singh- 

B*Uy+4 a S'* 


S 

■a 

* 

0 

4 

t 

L 

2 

24 

23 

2 

24 

21 

io 

3 

10 

57 

3 

10 

51 

as 

4 

15 

18 

4 

15 

48 

ay 

4 

47 

10 

4 

17 

15 

40 

9 

10 

56 

9 

19 

18 

53 

9 

U 

9 

0 

1 

0 

84 

10 

1! 

0 

0 

11 

0 

94 

6 

29 

25 

6 

20 

24 

111 

1 

8 

36 

7 

8 

42 

115 

7 

10 

20 

7 

]Q 

36 

ILK 

7 

14 

39 

7 

15 

39 

i;ta 

3 

0 

15 

8 

0 

12 

m 

0 

16 

IS 

9 

15 

18 

205 

1 

8 

51 

2 

0 

54 

21B 

2 

20 

30 

2 

0 

36 

221 

2 

20 

51 

2 

18 

SI 

225 

2 

25 

0 

2 

10 

U 

232 

3 

IB 

12 

8 

19 

21 

257 

§ 

20 

44 

6 

2fi 

45 

270 

S 

21 

8 

% 

21 

12 

:m 

1 

0 

39 

1 

5 

H* 

3CW 

1 

1 

50 

1 

0 

21 

m 

J 

0 

21 

1 

1 

15 

378 

1 

20 

28 

l 

29 

18 

m 

1 

4 

33 

2 

4 

33 

411 

2 

13 

13 

2 

13 

18 

4111+ 

3 

27 

21 

2 

27 

21 

441* 

4 

3 

42 

4 

3 

43 

462 

2 

26 

8 

4 

17 

15 

405 

2 

24 

27 

4 

24 

27 

471 

4 

21 

30 

4 

29 

30 

40T 

5 

21* 

27 

6 

24 

27 

520 

7 

12 

10 

7 

12 

0 

530 

7 

17 

29 

7 

17 

24 

545 

7 

2S 

45 

7 

28 

48 

562 

8 

20 

10 

8 

20 

30 

564 

et 

24 

0 

S 

24 

3 

56* 

0 

1 

30 

0 

l 

6 

5iM> 

B 

12 

21 

9 

12 

51 

593 

9 

28 

33 

9 

IB 

33 

003 

10 

1 

57 

10 

1 

27 

m 

11 

3 

27 

11 

3 

21 

637 

n 

7 

30 

11 

7 

3 

640 

11 

21 

42 

II 

2 

42 

640 

11 

0 

52 

11 

i 

12 

fi 65 

11 

16 

12 

n 

0 

12 

000 

11 

6 

23 

11 

7 

3 

669 

11 

23 

20 

ii 

23 

13 

676 

11 

SO 

24 

11 

19 

24 

723 

1 

13 

3 

0 

13 

3 


2 

11 

3 

2 

21 

3 

752 

2 

6 

24 

2 

8 

21 

753 

0 

S 

47 

2 

S 

42 

764 

i 

29 

30 

2 

18 

39 

772 

2 

7 

21 

2 

7 

51 

797 

1 

20 

30 

1 

SO 

33 

863 

1 

n 

4S 

0 

11 

48 

810 

d 

15 

48 

2 

10 

51 

855 

4 

0 

30 

i 

0 

3 

665 

4 

14 

3 

4 

14 

7 

29 

683 

5 

15 

0 

a 

14 

8D4 

4 

10 

33 

4 

8 

33 

907 

4 

14 

0 

5 

14 

9 

941 

7 

13 

24 

7 

15 

14 

972 

7 

20 

33 

7 

27 

33 

978 

7 

29 

29 

7 

29 

49 

986 

7 

20 

41 

7 

20 

48 

091 

3 

14 

20 

6 

14 

20 


A 1*2 Differences between Jai Singh’s and 
Daily’s versions of Ulugh Beg’s 

CATALOGUE. 


Latitudes. 


XOL 

Jai SmgiL 

Bully* 


4 1 

c i 

42 

29 15 

29 16 

51 

so ao 

SO 33 

57 

80 36 

so :iu 

59 

89 50 

so 10 

J19 

27 9 

37 0 

150 

69 10 

60 40 

184 

69 42 

69 52 

173 

04 27 

U4 24 

175 

50 2 

ISO IS 

230 

245 

240 

248 

82 0 

N. 

N. 

N* 

32 0 

y. 

y. 

278 

26 50 

m 54 

288 

31 0 

31 0 

305 

32 54 

32 50 

306 

32 12 

31 21 

! m>7 

31 21 

32 12 

320 

30 9 

34 9 

m 

20 5 

26 54 

337 

32 21 

32 39 

351 

20 36 

27 36 

356 

30 6 

16 6 

3 m 

7 51 

0 30 1 

361 

0 341 

7 61 

303 
i 371 

fi 10 

K* 

6 36 
a 

387 

400 

12 35 

N. 

12 15 

a 

411 

1 36 

1 15 

414 

6 34 

6 64 

429 

3 45 

5 45 

430 

1 10 

1 51 

1 4fV4 

9 45 

9 0 

479 

539 

10 45 

K, 

16 45 

a 

558 

674 

21 0 

& 

31* 0 

N* 

012 

SIS 

5 12 

£. 

B 12 

N\ 

1 083 

6 0 

9 0 

710 

12 11 

12 51 

733 

17 45 

17 10 

771 

1 28 12 

SO 64 

772 

27 28 

27 48 

774 

24 24 

25 24 

788 

39 40 

38 45 

702 

12 30 

42 30 

872 

, 21 24 

51 24 

m 

67 20 

66 20 

888 

66 22 

66 12 

PU0 

24 10 

24 45 ' 

911 

21 42 

31 42 

923 

17 4« 

I 16 18 

947 

25 30 

25 33 

982 

27 IS 

n IS 


St ah Waojgtcbw. 


Na. 

. 1 . s. 

B. 

6 

4 

3 

70 

4—3 

3 

1 m 

3 

4 

240 

5 

4 

490 

1 

5 

4 

019 

3 

4 

020 

■ ft 

3 

824 

4 

5 

636 

4 

5 

1013 

5 

6 


Additions to tables 
of differences 


Ko, 

Jai ^iingli* 

Bally. 

Losounr&c- 

117 

S * * 

S SO 53 

g 0 I 

8 26 33 


LiTirrSHtr 

555 

4 I 

10 65 

« * | 

10 15 

OT1 

2 26 

t 18 

S97 

67 U 

00 9 

D50 

30 0 

30 48 

951 

30 48 

30 0 

971 

21 28 

21 18 


» * 
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A 2. mahendra's stab list. 



Maiiesdka'* List. 


ProiawT'a 

No 

Name. 

LangituEfc.! 

Latitude. 

Longitude. 

1 

¥* + 

' ^ $ t 

0 0 43 

r 

+ 27 O 

S i + 

11 17 50 

*! 

XiwJyftnmk . 

8 10 43 

—53 30 

0 0 10 

3 

mmm 

0 22 43 

+28 20 

0 3 50 

4 


0 2o 21 

+ 7 21> 

0 8 40 

5 

*** 

0 28 43 

+01 20 

0 7 50 

0 


1 18 33 

+23 0 1 

0 20 40 

7 

... 

l 23 43 

+30 0 

1 4 SO 

8 

BrAhmn 

2 1 33 

—5 10 

1 12 40 

0 

At foot of 

2 8 43 

—31 30 

l I D 50 

10 

twins. 

H?i left ftboul- 

2 12 53 

— 17 30 

1 24 0 

n 

dr-r 

Shudaiyii 

2 13 m 

—22 30 

1 25 0 

12 

Aidrm * 

2 20 53 

—17 0 

2 2 0 

13 

Agmstya 

3 8 4 

—75 0 

2 17 0 

14 

... 

3 8 33 

—30 10 

2 17 40 

10 

14* 

3 12 n 

4-0 40 

2 23 20 

m 

Vyidhlnty* 

1 3 18 43 

—10 10 

2 20 10 

17 

Magha 

4 21 2» 

+0 10 

4 2 30 

18 

-** 

5 13 23 

+ 11 50 

4 24 30 

10 

■ HI 

5 27 33 

—14 50 

5 13 30 

30 

CMfet . 

rt 15 33 

—2 0 

5 20 40 

2) 

Sy*U . 

6 15 m 

+ 31 30 

5 27 0 

22 

vmthk 

7 3 33 

+44 30 

0 14 40 

23 

JydbtbA * 

8 1 33 

— i o 

7 12 40 

24 

At li» edge 

8 13 43 

+38 0 

7 24 50 

25 

of Bhuni, 
Mot* « 

8 20 3 

— 13 10 

0 1 10 

28 

■ ■» 

8 25 3 4 

+ 2 00 

8 8 4« ' 

27 

Ahhijit 

o n 13 

+ 02 0 

8 17 20 

2ft 


0 22 43 

+ 20 10 

0 3 50 

20 

... 

10 23 53 

—23 0 

10 7 0 

30 


ID 28 3 

+ 00 0 

ID D 10 

31 

**• 

II 21 3 

+31 0 

11 2 10 

32 

«■ 

11 23 13 

—9 40 

I] 4 40 


VALUES. 

Differ- 

KSTCHL 

M& km immeA md 
Magnitudes. 

So. 

in 

Jai 

Singh. 

— 

Latitude* 

^Loup 

AUt 

A. .■ 







+27 D 

IS 53 

0 

s 

Ptflca^i ■ -CL A rid, 2’ 1 

313 

- 53 30 ; 

10 30 * l 

0 

0 

Eridani 


802 

+20 20 

18 53 

f> 

(3 

And rnmpcbe . 

24 

357 

+7 20 

18 41* 

0 

y 

ArLelia * 

4’7 

300 

+51 29 

IS S3 

0 

£ 

t W]U[r4 

24 

187 

+23 0 

IS 53 

D 

£ 

Persei * 

-7 

201 

+30 0 

18 53 

0 

a 

Pcrsltl . 

Ml 

100 

—5 10 

IS 53 

0 

a 

Tfluri * 

ll 

301 

— SI 30 

18 53 

0 

£ 

OriuijU + 

D-3 

765 

— 17 30 

IS 53 

D 

y 

Orion in . 

P7 

733 

— 22 30 

18 S3 

0 

a 

Auriga . 

*2 

221 

— 17 0 

18 53 

0 

a 

Oriunis . 

od ! 

732 

—75 0 

18 54* 

0 

a 

Alg*n - 

-08 

KS0 

—311 0 

|S 53 

0 

a 

Cani* MnjorU 

-l'0 

815 

+ fs 40 

10 4* 

0 

a 

Geoiittorum * 

2 

421 

—10 10 

18 33 1 

0 

a 

Canid M mom 

0 5 

845 

+ 0 ID 

I S 53 

0 

a 

Leonid . 

13 

400 

+ 11 50 

18 53 

D 

0 

IdWElW * 

2 r 2 ! 

485 

—14 SO 

14 3* 

0 

y 

Corvi 

2 l 8 ' 

028 

—2 0 

18 53 

0 

a 

Virginia 

12 

1 507 

+31 30 

18 53 

0 

a 

Boolis . 

0-2 

110 

+44 30 

IS 53 

0 

a 

1 l omiiEr Borealis 2 3 

111 

—4 0 

18 53 

0 

a 

tieorpij . 

12 

m 

+30 0 

IS 53 

0 

a 

Ophfnd 

2-1 

232 

—13 15 

18 69 

0*5- 

7 


JM 

304 

+2 m 

ES 54* 

0 

F 

Habitant 

38 

571 

+ 62 U 

1ft 53 

0 

a 

L.vnfl 

0 14 

148 

+21 10 

IS 53 

0 

a 

Aquike . 

1 H1 

280 

— 23 0 

18 53 

0 s 

a 

E'iehlv Amt. 

1-3 

661 

+00 0 

IS 53 

0 

a 

Cygrai * 

1-3 

162 

+31 0 

18 53 

0 


Prgjwi * 

20 

310 

—y 4o 

IS 53 

0 

£ 

CeU . 

3^7 

729 


1 Sep ihr intaravting note in Pel-vr* *nd Kirobc+s Pt*> f. Cnf,» p- 110. The rcuciiac^ for longitude vary, 

1 The readings wy. 1 Some authoritim give —20 20. but Body give* —23® 0, See Goi* p. 113, 







































ASTRONOMICAL OBSERVATORIES OF MI SINGH* 

A 3. the sCrya siddiiAnta star list. 


U7 


Hindu 

Name*. 


Brahman* 

day a. 

Agni or Hutn- 

bfauj. 


Ftnjupati or 
Brahmsk. 
Mpgavyaslhrt 

or Lubdboka. 
AgurtYA 


ApamtaaU>A 


Prabnblu 
iikn till caliao 
of stars. 


/3 Ariotis * 

35 Arietii « 
Twin 
a Taur i 
a An rig* * 
jS Twiri * 

X Ononis * 
a OrtonJa - 

S Auriga - 

ct Caub Majuri* 
a Navis . 
j3 (Sfuiinorum 
S CmwH * 

€ Hydra 

Ct LiJOfkis ♦ 

£ Leaull - 
^8 LeOnii - 
£ Virginia 
£ Ct>rvi 
0 Virginia 

a VirjHnia 
a Bofltis * 
l libra * 

£ Scorpii * 

o. Scorpii - 

X SeorpU - 

g Fj^jltarii 
O- Sagitt&ru 
a Lyra * 
a Aquilnc* - 
^3 [vlphim 

X Aquikt ii 

a Pt-g^si * 
y Pe^aii - 
l Piavlyni 


jsCrya siddhaxta. 


KUnwtOMri 




Reduced 

wiling rftlucol * 

to A.D. 5»>. \ 

1 oiAjr 

Lung* 

I £?Ulf 

Lai. 

I^ing- 

Ul. 

Lcmg. 

ut. 

V 

3 

r 

0 

10 K 

e * 

11 50 

~ V f 

0 II x. 

5 * 

13 50 ^ 

« f 

8 28 X. 
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ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 


B,—ASTROLOGY. 

The instruments, both brass and masonry, were sometimes used for astrological purposes, and 
in some case* * were graduated specifically for such purposes. The following notes and the aeeom* 
panying tables are concerned only with such astrological matters 1 as are exhibited by the instru¬ 
ments, and relate to t— 

(1) The ascendant or rising sign. 

(2) Houses {Damus Cttli), 

(3) TrigOUfl or Triplicities and their Regents. 

(4) Terms or Lito its. 

(ft) Derails and Faces* 

(6) Planetary Domicile*. 

(7) Septenaries, Noacii&riea- Duodenariea. 

The Ascendant, or P horoscope/ is the point of the ecliptic rising to the horizon at the given 
moment. Its determination is the first and most important astrological problem. By means of 
the Jai Frakat (page 37). or the Kapala. the ascendant could be determined by inspection. On the 
Jai Pmkai the shadow of the intersection of the cross wires shows, not only the position of the sun* 
but also the sign that is on the meridian, from which the rising sign could be deduced ; while the 
Eapila shews the rising sign itself. 

On the astrolabe, the position of the sun on the ecliptic (its longitude}, and its position for the 
dav (its attitude) being known, the only operation required is to turn Lhe B ankuhiit (armim), bo that the 
part of the ecliptic in which the sun is. lies on the proper latitude circle (almucanUrat), and then the 
rising sign, or the point of rhe ecliptic on the horizon* can be at once read off. 

On the ' Jaipur B f astrolabe is given a table of the times of rising of the signs (see p. 23), from 
which the ascendant, etc., could be calculated, if the position of the sun were known* for anv of the 
given latitudes. 

The ecliptic was divided into 12 equal divisions, or signs of the zodiac, which, owing to the oblb 
quite, took different t hues to rise and set. This problem of ascensions ( p Ave$oppi) became of great 
irn |K>ftaiiee, because it affected the position of the four * centres/ (1) The L horoscope 1 or * ascendant/ 
(2) Superior eiilininatiou. (3) The descendant. (4) Inferior culmination. These, in consequence 
of the variable time of the ridings and settings of the signs, are not at intervals of right angles, m the 
carlv # Egyptian T astrologers assumed- 

This problem of the anuphorai. is most interesting historically, Hvpwdes and Hipjmrchus 
(second century B_C.) studied it and Ptolemy gave the correct solution, Paulus of Alexandria (third 
century of our era) animadverted on the erroneous methods* employed and exhibited the 'anaphorai 
according to Ptolemy* 


1 We are nut hen- onnrrrncd with the fact that the fumktnmtni ^iimptioiw in connexion with fkxtrobgy an> 
raliw. Ptolemy aaittmnf in Hue nr pa emanating from retwt nil ImhIh-, vrbwh tended to make the nature of the subject 
affected plmibr to the agent. The Arabs cocmidemi the heavenly bodies rather m indicator* than Agents, Neither 
of three awumplioiLM \m warranted by any combination of oWnatton and reasoning t both were the result of false 
hlv.i* r thni have Iwn long sine* discorded, except hy the an-learned. 

* by ^fiouEiua. See Dvlambie, Vol. l r p. 2S3. 
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The following incorrect table 1 from Petosirk for the first and second climates, may be compared 



RistsOh 

SwrnBtt. 

i 


1st CtimaLr- 

2nd Climate. 

l m Climate, 

2nd Climftlr r 

-1 


B 1 II m* *l 

4 h. m. 

a * 



Aotss r 4 * * * 

£1 |n = 1 26 40 

30a L 20 

^ ^0 

40 

FiKH. 

T^arnfl « * 

23 0 = 1 0 

34= 1 30 

3S <* 

30 

Aquanui- 

* * ■ * 

2g 20 = 1 t» 30 

23= 1 32 

31 40 

32 

Capncomni. 

CWCftf * 

31 40 = 2 8 *h 

32= 2 3 

2A 20 

28 

SAgiituia*' 

Lao i * * * 

M 0 i- a 2(1 0 

36= 2 24 

U 0 

24 

, Bcorpiti. 


3s an - 2 33 20 

40= 3 40 

±1 40 

20 

Libra, 

Virgo 4 * * 






Total , 

vao o =*12 o o 

180 = 12 0 

ISO 0 

180 



of considerable historical intent. V.teha Mihiro lived at W* which the 
Hindus placed at the middle of the weond climate." The SSfja .S.Jd*o>Ko I in, 42 /.) give, the correct 
rule for determining the time, of rising (Wnjfam,.) nf the „,gn, bn. give. 21' ns the obbquity. 

House.-The astrological housea (Demur »*) Bint not he confuaed with the plnnetniy donu- 
ciles The avatem ul weh. heneee tree not altogether nnoepted by Ptolemy, bnt a,nee the date of 
Seahia Empiricus (9rd century ol the prceltt cm) it Ima h«n in un, vernal «..• In £t. ' *»d here 
IT the Waive houaea are ebo-n. The boundary line. pn» through the mtenwtwn If/, of the honron 
L meridian, and ent the equator at equal interval. of thirty degree The point, a, oh,oh these 
bmtndarv line, out the eeliptie am termed the cimpa (Ceapefcr deemr.,»l. end our ol these are »t once 
, r ' w 511i1 , t D ^ te V), but find the othera is a mathematical problem of sotm- litt it' difli- 
wen (t, t, _ attention of nl-Batteni, Regiomontanus, Jean-Antoine Magtni (1550-1817} and 

SrfflCtSSt « * Arab, divide the ^ ol the g* 

Tts m plate F) into spaces each equivalent to two temporal day hours, and the net q^rant 
S' v Lo corresponding spaces of night hour, = Campanus and Midi divide the prune vertical 
iP7W\ instead of the equator, into equal divisions, and so on 

{ Z Vr ^* nr Trirlicities.—The Greek astrologers tried almost even- possible combination 
TngOM _ P signs being represented by equal spaces on the circumference of the circle. 

■°Xr^ by ;»W</•** “ f ~ "* * “ b ^”*- * 

nMt hennSmt. and Ptolemy give. .. the renaon lor 
thi., tot 'hc ^gou ZL Cigna of the »nu but B-ui4-Ucl.m,««-t.»th. motif the part 
that the tria d played in oriental religions. ___ 

l From BoiKhd-IwctmiV* drill. nine and ten. each multiplied hy four, aw wnpectiwiy 

* Th, ruW rends. “ jSI b« theIn*. m4««of the fa., 

ibe meMunmienti of the Ansi *■* - B 

nil dgiw" (*■ *®d , h0 tTOpk , „f C «K«r. f.r-v latitude 23- 31' IS' -courting to Ptilomy. 

*. sswssss - ;-s -— 

1 Bui »o fi*s» l - wh) ^ b X Pylh-gowan view of numbers, which *h»w* the odd numbers as 

‘ ESETSSSiT-SH mt ***** «l Aries, which 

™ masculine. L'Jj trotogt* O'** 1 ** P- lM ‘ a 
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The trigons or triplicities are sets of three signs that are 120 degrees apart. The trigons in order 
are— 


w 

m 


M 


ii) Anns * 

Leo 

* 

$AQtTTAR ITO * 

Mmwuliiw* Royal Tricon, 

(Ii) Tjmmus, * * 

Veeoo „ 

ft 

CArtlCORStt?S 

Feminine,, 

-fill) CiEHINI 

Lire A ^ * 

ft 

AQFAEirs • 

MftHCtdSne* Hum fin Trigon. 

-tiv) CAHutt * 

Scoapio 

ft 

PfBTE^ * 

FemJnlne^ 


The Lords or Regents of the trigons are given on several astrolabes fp, 23). The origin of 
the arrangement is obscure, but. according to fleminus, the orientation is determined bv the direction 
-of the wind when the moon occupies one of the signs of the trigons. etc., etc, 

The regents 1 * * 4 are— 


<«) 


1 ft) 

ft) SltllTtl ....... 

Sun - 

Jupiter^ ■ 

Yen ur * 


Mar*. 

•(in) Mwemj * + **« + 

Solum , 

Jupiter. 

{lv} Moon , . , . v 

Mars * * 

Tec tilt 


The tables on the astrolabes correspond to these principles, but add other information. The 
table of trigons on * Jaipur A’ is given on p.23; the corresponding table on ‘ Herat C is seen in 
figure 12. In both of these tables the trigons arc classified in order as {i} Fiery, (ii) Earthy, (iii) 
Airy and (iv) Watery. 1 

Terms or limits {opm).—Fractions of each sign of 30 degrees are distributed among the 
five planets, and the amount allotted to each planet determines rhe quantity of its influence. The 
planets are arranged in an order, which varies for each sign ; but the order never forms an intelligible 
series, and the determining causes nf the scheme are not understood,* The system followed on all 
the astrolabes examined is that known to Dorothea of sidon, Finuicus and Pauius AtexaDdrinuB.* 
It did not satisfy Ptolemy, who tried to introduce a rational order, but failed; and the Egyptian 
system is the only one generally recognised. 

It is curious that some astrologers tried to explain the numbers ns the times of rising of the 
respective planet', but Ptolemy pointed out that these depend ujKsn the latitude of the observer, 
etc.; Hemophilus said the numbers represented the periods of revolution of the planets ; some say 
the number allotted to each planet represents the number of years of life, that ir can impart to the 
individual bom under its influence, etc. 


1 According t« Dorothea of Sktoji. Ptolemy gives Man* (or Sat uni ir- F t (<i) + 

4 Aotardlag lo Albirfcnl (fit thf Hindu* do nler tk atjifc/M friyotii to the element*:. 

s The (i. 7) wem* to aim at a system at ji: wrangementi bin the text is not at all clear, 

4 Bouch^-LtMfleneq. p* 2iW. 
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The question of Spi* made discord with the astrologer. “ Apolliuaris," writes Demophilus. 
11 disagrees with Ptolemy about the distribution of the and they both with Tbrosyllus. Peto- 
air is, and other a neient sot -lioritiw.’ 1 ' ; 1 The complete ta bk of terms i s given below {p, 125). 

Decans and Faces — The decans are parts of the zodiac, each eipial to 10 

degrees. Each division of time had ite protecting genius, orchiono tutor, and the 3G decans are pos¬ 
hly- of such, or religious, origin, and correspond to 36 protecting divinities. Hermes Trisnlegutdt 
speaks of the 36 decans as J vigilant guardians, inspector* of the universe,’ 

The system of decans imposes three kinds of influence : (I) that of the derail* themselves, (2) that 
of the stars that rise at the same time and f3) that of the 1 figures * or * faces ' (**«».«>, 

The order of the decans, after Firmkug and Paulus AlcnndriiUV, etc., and on tin? nstrolaheit 
s as follows 


S%ew. 


Dm pH 











Mat* . 

4 

Sun 

4 

Vflmi*- 

Aaiea 




* 




* 






TAUtttrs . 




'■ 




* 

Mrrtary _ 

ft 

Muon 

4 

Stfuffi* 

G car vi . 




1 




• 

Ji]|ntrr „ 

- 

Mnra 

# 

Sun. 










Ytmw 

+ 

Mercury * 

ft 

MujOIL 

Cascb*. b 




* 










Leo 




■ 




* 

Srtturn . 

ft 

Jupiter * 

ft 

Mum 










Sufi » 

ft 

Vfui 

ft 

Meruufy* 

Viiuj» 




* 




















ft 

Saturn 

4 

Jupiter. 

Libra 




■1 



















iiAff* 

^ ' 

Sun * 

ft 1 

Voattft 

ScOmIO , 




* 



















Minuiy . 

4 

Moon 

ft 

Sfttum. 

SAanrisius 























Jupiter * 

4 


ft 

SlllL 

CATESOO^sm 




* 



















Ywuw 

* 

Mercttfr - 

* 

Mixm. 

AQUiETUM* 




* 



















Sfiium * 


Jltpiirr - 

4 

i 

folCM ■ 















It will be noticed that the deems, read vertically, in the above table, are in the order of the days 


of the week. 

Planetary Houses -IV idea that the planet*, as divinities. rejoiced in particular positions 
to have -e tone the Bat (Babylon 1). The scheme seen,, to have been evolved by equating 
the planet*, in orier, with the eigna -tutting bo> the beginning of the calendar year, .boat- 


PlmctlL Houddt*. 


AIIH4&TUH - 





H * 

{ Saturn 

* 

* 

CtarccwitTn. 

Pfc*^ 





4 ft 

t Jupiter * * 

- 

- 

SAuiiTAiirs- 

AjuR* 





- 

3 Map* 

- 

w 

Si r-OETtOr 

Taurus 






4 Venur 

- 

* 

UmJt*a 

CrEMISi 






5 ilt muy * 

* 

* 

Vtftuo. 

Limj 





* 

j) ilfim—Still ^ * 

' 

* 

C hs exit 


» Bottcte Jj^ltTcq. t>. 223. 
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On the astrolabea (B and E) the arrangement Is as follows :— 


AQCLUW3 -s.---.ee 

1 Saturn 


S Mercury 

4 Venn*. 



i 

fl Mnwi * 

3 Marit 

Ajutb . i s , , 

3 Mait< « 

K 

fT Sun - 

2 Jupiter, 

Tafkfs * » » . * * * i » 

4 Venus - 

m 

5 Mercury 

\ Saturn. 



* 

4 VkLM * 

1 Saturn. 

Gurcn . 

fl Moon .. 


3 Mnre . 

2 Jupiter* 

Led „ * » P * + * « - * 

fl Sun 

¥ 

2 Jupiter 

■1 Mara 

Vmoo . . 


* 

I -Saturn 

4 Vmni. 

Uh BA . 

4 Vflioi 

- 

1 Saturn 

Mercury* 

Scorpio *«***».*.* 

3 Mm* * 

■fJ 

2 Jupiter • 

f Mooil 

SAonTAmic* *-•-***-. 



3 Mara „ 

6' Sun. 

Cap&icoasfs . 

1 Saturn 


4 Ymm * 

5 Venua. 


The Brifmj J<itaka (i, 6) says : “ Mars, Venus, Mercury, the Moon, the Sim. Mercury, Venus, 
Mars, Jupiter, Saturn, Saturn. Jupiter, arc successively the rulers of the twelve houses. Mesa, Vrisha, 
Mithuna, etc,, as well »« of the X&variiiait and DvidaSarh&as of the houses,” 


Scptenaries.—These occur only on the Zarqali instrument and arc as follows:— 


Ami’uurs 

1 iritturn . 

2 Jupiter . 

3 Man . 

4 Son * 

ft Yearn . 

ft Mrreiiir 

7 Vp*i . 

CiUicAisms. 

FllWI^ i - • 1 

2 Jnpll.T * 

S Min . 

4 Hup * 

& Vrau . 

ft Mercury 

7 Mwm . 

1 SilBm , 

Aumruiim 

Aim - - 

3 Man . 

4 Add . 

3 V fPTKl * 

fi Mctcoit 

7 Moon 

1 ftaJonii + 

2 Jilpltf r , 


Tirmp + « 

ft Trtsnu * 

ft Alf rrnr y 

i mmu * 

I ilium , 

£ Ja|i]'.i.r . 

2 Mar . 

1 Plan 

Liu**. 

Ilium .... 

ft Mrttury i 

T MttOti , 

1 Salw* . 

£ Jirpttrf , 

9 Man * 

1 ilia P 

5 VpftTO . 

Yi«a, 

i .t.icti - 

7 Mem - 

i HllUb i 

£ jtrfiKH 4 

1 tljfl 4 

4 d un . 

& Vcanf * 

ft Hcrnu^ 



* Sna 

t Veil HI * 

fi 

7 Mwfl . 

1 ftiturn . 

" Jnpati’r . 

3 Min . 

Litf. 


The horizontal order, starting with Aquarius, is the standard order 1 of the planets ; the vertical 
order (of the first column} is the order of the planetary domiciles (p. 1*2,1). 


Novenaries. lf the planets be amused in the domiciliary order, (!) Saturn. (2) Jupiter, 
(3) Mars, (4) Venus, (5) Mercury, (6) Moon, (6‘) Sun, in nines for each trigon, starting with Mara, we 
get the followin'; arrangement:— 


niaftit 

1 

4 

8 

4 

s 

ft 

7 

ft 

9 

1 , AMEft. Llfl e 
8 * 0 X 1 Amt* 

9 Mm * 

i Yh im # 

ft Mrftutj- 


ffliia 

ft ilmrury 

t V 4 ™ . 

3 Min , 

g Jqpttfr* 

i run. va- 

uo T gm- 

1 &tillfl4 . 

1 flituni , 

* J ur-ltn . 

t Mm 

4 Y tmm , 

ft Mtfnin 

ft Moon . 

S' San 

S Mt-fDSPT?. 

mutit- 










ft. fifUTTI. IJHA 
A QEMiE. 

* Vf ™ - 

n m m * 

£ Jir^tn . 

1 eiltHFa . 

1 ftHOFEl . 

S Jxipltcr 

3 Mm ^ 

4 VtBin , 

A Mfreittjra. 

4, I'lSi ER. 

ritt, ruai 

ft" Mooti . 

a' Sftft 

9 MCViij 

1 YfDM * 

9 Mm- . 

3 JlF[sJtft . 

1 ftitrcfn . 

1 AltWtl . 

2 


and this is really the arrangement L'iven on the ZarqilJ instrument, and it is implied in the BnMj 
jdtaka (i, 6} which says: “ The rulers of the nine Xsvariiias of Mcsha, Makars. Tula. Karkata are the 
same who rute the nine houses beginning with Mesha,” 


* The classical iPiitio, ArikioiSe. Erstorthroe*, etc.) order wu, Mom, &h„ (V<mur. Matmtyl, J fan. Jauttr. 

Satan,. Later, .Mt/rwry sod Frn«< wi re interchanged (Heraclitus), sad shorn (he time of Hipparehus (he order 

mtule }fooru Ncrturij, Venn*. Jfdri, Jiipiter f Saturn* 
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Duodenaries.— The Zarqali uutnuaent < E> 
(figure 19). The arrangement is exhibited below 
tally and vertically. 
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Summary of the Astrological tables that occur on the instruments 
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ASTRONOMICAL OBB EB VAX DRIES OF JAI SINGS. 


C* (1) Astrolabe Gazetteer, 1 
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C. (1) Astrolabe Gazetteer—co«M. 
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C, 2) Longitudes and Latitudes— could. 
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CL (3) Observatory Elements. 

(a) Position. 
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€. (4) Climates and Longest days. 
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D. TECHNICAL TEEMS AND SYMBOLS. 


D (1). Numerical Notations. 
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c* 

4 


d 

r 

* 

©0 


* 



6 

# 

h 

a 

t 

100 

*3 

© 

1 •* 

f a » 

G 

y 

w 

1 

4 

200 


r 

F-- 

^ * t> 

7 

i 

i 

V 

« 

300 


sh 

r*+ j 


i 

z 

b 

JA 

c 

400 

O 

t 

r- + 

fr fr 

© 

h 

t 

t 

L 

600 

u 

th 

&** 

1 ® # 

10 

if 

i 

1 - 

\* 

GOO 

i 

kb 

7## 

£ fl * 

20 

*J 

k 

a - 


700 

a 

<lb 

V** 

■ & 

30 

J 

1 

r * 


800 

v*-* 

if 

4+ 

A- * 

C * o- 

4I> 

r 

tii 

l*» 

8« 

000 

k 

1 

T** 

<L. o » 

m 

t{J 

n 

l* 

H « 

I0W 

£ 

gb | 

1 *■ » 



The ubjmt system is indicated by eight voeta mautrinbiles 

fifyW hauuai hut (I kalnnutn so* fat qarmhal thaichnS daragh. 

But western Mussulmans arrange the Inst four words t hus ; Safttd farasat thakhadh :<ig1mh. 

The Greek syrtem agreed with the abjadi* far as 80, but the portion from 90 to 300 corresponded 
with the abjaft from HHt to 400. The Inter numbers differed considerably, lo deciphering the- 
engraved numbers on the a- trolnbc there are sometime* apparent ambiguities to be denied up. owin- 
partly, to the omission ~>i diacritical marks. 1 


1 w : Nailiiu-V e/.tow* h iii f; itci Fefcra J in ,i KrmWi's Catoiofut of Star., p, 13 / 

Jl<ifli*y raailfm number of mistab™, [w t ic tlUriv j r tmimfribinjs Ihr symbols for I and 7. 
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D (2). Signs o! the Zodiac, 





Ajuhic. 

&*m*3aT. 

D 

T 

Arii'H . . . 1 • 

4 

MwfcL 

1 

V 

Taunu . - * * 

ibTfajitr 

Vfltbuk 

S 

D 

Gemini * * * * 

d-Jaml * * 

Mithona* 


e 

Omm # 

jd-SaratiLa , 

Karka* 

4 

e 

l^o - * ■ * * 

al-Aitod v * ! 

Simhm, 

S 

UK 

Vi*u&i * . * . 

ni-SutuImJah . . | 

K Aity a r 

G 


Ubra . 

al-MSUn 

TuILL 

? 

m 

Scorpio . 

itVAqrab # 

VfikhU*. 

8 

t 

Sagittaritit # - * 

alQiitU » 

Uhnnua, 

fl 

i 

Capncomtifl * # 

nt-JanJi . 

Kikut. 

10 

IS 

AqduntiB a # * ^ 

al-Dftlw 

Kumbha 

II 

& 

Fram * * * * 1 

«I-H*t , 

' 

Mina 

D (8). The Planets. 





■ 

A^awCh 1 

SAKSfcRJT. 1 

1 

% 

Sattsrn - * * * 

Zufral . 

Arkt, 

2 

A 

Jupiter * 

1 Mun huri 

Rffhaapati, 

3 


^arp ...» * 

Mirriliii * 

Kujil 

4 

© 

Sun * . * * * 

Sbarna * # . 

Sttiy*. 

fi 

8 

| Venn* 

Zuhrah . 

Sukra. 

6 

« 

Mercury * 

‘UfcSrfcl * 

Budha. 

f 

r 

» 

M«'on * . » 1 

Qamar * 

Chandra. 


* Tt* itt iTO't#, «iib tb*«x«rptfcn o! Hie sua, «* wmctimrt {<4., in ibc ubl* of Tn*>*» *1 Inipur A) tort* 
by the HiJiJ le«M of the Arabic n*m« ), I, W. (.ft), A, d, r : S« SUillct, ft* TaWw #0<*« Af. 

p* cxlviEi. 

s. Th^re are many Tamnte uf tb» iwtt» 
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D (4). Lunar Mansions. 

Hindu Nabfhatraa. 


Arabic Monrib. 


L AArinS {0 % y AritHa) * * 

2. Bhara^l (35v 39 v 41 AnVfi>) . , * 

3 - Kpitifcii Wlefadz «, rj Tam, * * 

4- Kahili (a, $ f y, S* £ Tauri) 

& MyigaMras (X, OriOTif} , 

0, AnJrl (a Oruynu} „ „ * 

7. FtuutmuRi (j8| a Ctaurtrbi*) * * 

8* Ptiisbya (0, S* y (from 1 ) . * * 

&- A^losha (e, S p cr* ^ ^ Htrfm) * . 

ID, fitoglm (a, ^ y r £, JA, € Lroh-M] . 

11* Pftm FhaJguiU (S f # . 

12, UtUim-riiaig^ul (0 f &3 £*omij) * # 

13. Haem fS* y* £, <i l 0 Coni) . 

]| r Chitift (a TirfftnU} « 4 . , 

10* Svitl (a /fcofwr) , 

10, Vi^kb* ft* 7i /3 f a Libra:} , 

17. Auiiritlbii {S* 0 t IT* 5c^rpiiJ 
IS. JjMhfbl (a f O", T Jfettfpil) 

ID, MCIo [\| ftj Kj -E.j. TJj Jftj ■£ iS'COTjC'llJ 

20, PDrva^Aahijhi (tr, c 8&gittarii}* * 

21, (S t £ Aogftfarii) * 

22. Abhijitt (ft, £, £ J^^ror) - * * 

23. Hmvapn (a 0 y dgitita} 

21. SmvbKtlia f 0 r a f y, 8 Delphi ni) m 

25. SkUbiahaj (X Aiftoftrit, tic.) - 

26. P ln r n - B &H drapftdi (a, /? Fr^w*) * * 

27. Uttarfl-BhidEApoclfi (y Fcpwi, a 4*irp«aif(W} 

2®, RovAti (£ Pitsitim* tic.} , * 


- li Shartitia fjiSj y JrietoK 

* 2 , Bu^aid ( 33 * 39 , 41 AfiViiV}, 

* 3. Thurajva {Ph lades, if Tauri t efre.) 

4, Babarun (<*, y s S* £ 2Wi] b 

- ^ Haq'Ah (X t t£j ^2 OricuiJr), 

, 6. Han'jtb (tJj /i, v f y f f tfeMinermfli), 

■ 7, Dbiril C^3, a Otmirnrnm% 

- 8 , Nathrnb {y, 8 Caflcn). 

9, Tarfah Orncri, X Lean i>% 

* ID. Jrtbbah fetp ^ y T ^ 

, 1L Zubrah fS, 0 Ltcni*y 

* 12. Sarfab [0 UonU). 

. 13. H Aww4 [0 f S, £ Ffrvinftji 
► J4. Simlk fa I'iVjiflwJ. 

^ ID- Ghalr (i 4 k 7 X Fir^iit^}. 

^ 10 Zllb£nln (a, 0 Librae}. 

* 17. Ik ill \0 t Sj 7T Storptf}, 

* (ft Scorpn^ 

* 19, SbaiUab (Xj v ScorpUj. 

* 20 + NA'film ly 51 — J Sngittfzrii}. 

‘ 2L (iVorfA 0 / it Rtyittarii), 

“ t 3 nj Dbibill fa, /3 Capricmiib 

* S3. Ka'dBub' (e, ^ if Aquatii), 

* M . Su'd abSuTirl jj9 f f .4^«an'i) fc 

* 25. Sa^ ab^blvAh (a* y ? l, ij Aqm$l 
’ SD, Al-Fflrgb fll-SrufiJidflAni (a^ 

- 27. al-Fargb Al^Mu^hkh.ir [y Ft^a Andtam^y 

* 28. Baliifll-Hul, (0 4 mlromfdtit 4 


D (5)* Obliquity of the Ecliptic, 


b. a is*) 
a. 0 , m 
860 
965 

1001 

1100 

1250 

1270 

1438 

1506 

1090 

1729 

loo*/ 

1910 


Hippnrrhu .4 
Ptcilcmj' . 

a.kBaU£itf * # 

Abdul rubntfin tiKSoft 
Ibn YunUi t . 

S$ nja SidiMnta 
AiphoABinc tub]™ 
Nflgir d-Bbi i^TCtel * 

Hugh B*g 
H rych& Braho 
FLnnuftt^ed ^ 

■liu Singb 

t <4 July . * * 


■*■!■■ 


23° 51'20*, 
23° 31' 13'. 
S3 5 35' O'. 
23* 33' 43', 
23* 34' SS*. 
24® O' 0*. 
23 s 32' 3ft*. 
23 ® W (T. 
23 s 30' 17*. 
23 s 2#' *r. 
23= 2S' 43*. 
23=23' O'. 
Si ' 27' 2S'. 
23 a 27'4*ftJ'. 


(Fbe secnJai variation fa between 21 a 59' and 24 a SO', approsimately.) 













ASTRONOMICAL OBSERVATORIES OF JAI SINGE. 


137 



D (8). Length of the year. 





D> 

ft. 

J L 

*. 

Hipparchiii . * 


ft 

55 

12 Tropic nl. 

Ptolemy 


5 

4ft 

21 



6 

9 

49 -e Sidereal 

RcUDftkft ^icjdhlxita « 

# * ■ ■ t * 305 

ft 

ftft 

12 

Pjiuli^ft ^iddhftntft , 


ft 

12 

30 Sidereal 

Afyahlurln * 


ft 

12 

» 

Briiluiui Gupta 


0 

!2 

3fKll0 

alBiiUi’ni 


0 

1% 

n 

Sktiiliniifft Siromnoi 

r * * * s * 805 

6 

If 

U |p 

Aitroklrt 


ft 

m 

12‘4 Tropical. 

tvfrrci mlur*— 





Tropical year * 


ft 

49 

44*0$, 

Kidniml year . 


ft 

9 

0-5. 


D (7). Precession of the Equinoxes. 


Ami uni precession. 


ArO, ISO Ftolmiy# 

810 al-TJftttini 
1 100 Sutya Siddk&nto 
11-50 BhrLeknrft 
1370 Mahrndm Sflri 
150*1 CoptTtticu* 

151Hi Tycho Bmhe . 
1729 Joi Singh 


3 iT m yw »r l c in 100 year*. 

Tt* ST/ a y™r or J ? in ftrt yearn 
64 p a y*fti% 

50ir ft yiw. 
ft 4 # ft year, 

GO'S* a year, 

5i ; 

i^t 1 D p # in 207 Muslim ytNtr*. 


[The precession for celestial longitude of all Star* is npproximul.HY 50* 26' u year or, moie 
correctly, 50 , 2564'+0 , 0222' T (where T is the time in centuries reckoned from A.D. 1000), The 
complete period of precession is approximately 25,696 years.] 


D (8). Hindu Measures. 


Hitition* of tbf «fay. 


00 irfttivij^lttfi “ 

1 vijulln 

^ 0'4 aocomi^ 

10 Tipalftfl 

& praijft 

— 40 Mwmlsf. 

01 eipnias ™ 

l [kola or trirtliliki 

— 24-Oiwonti^ 

ftO j&alas **- 

1 ghfttir ttodtki, slandft 

= 24 minutes. 

R0 gbjkitkiie = 

I divas*, dififl, vimra 

=p 1 Aolar day. 

A1&U - = 

t muKtirtoi 

mm and 30 -r. jAiVH j «L d*y- 


Length. 

8 jmTOt “ 

1 ftnftihi 

I »a| inch* 

24 flogula* wi 

1 bftiMft 

= 18 tuebefl- 

4 hast ni “ 

1 dnncLi 

feet 

2*300 dimd* — 

S kro4a 

s=4^*0£l ymvdt 

4 tort-fa 

J yfjjan* 

=0^ m b 
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E. CHRONOLOGY. 

There has beiti considerable difficulty in ascertaining the dates of construction of the 
observatories, etc. Sir Robert Barker, who was contemporary with Jai Singh. stated that 
the observatory at Benares was supposed to have been built by Akb&t; James Prinsep gave 
the date as AD. 1080 — As years before the birth of Jni Singh; another writer gives 1603 , and 
so on ; of the following dates, those relating to Jni Singh must consequently be used with 
some circumspection. 


Greenwich observatory founded 




A<D. 

1075 

Jai Singh burrs „ 




. 1086 

Nrrtrtoii'H Print* pm published 




im 

.Ini Sinch lucoewJfl to the Amber Gad! 




1099 

HhDeiy'ifl fitjn&ptfo of Com*tary Agronomy 




« 1705 

Death of Aumnggeb * 




17G7 

Jni -Si njzli invest* Thun „ * 




1712 

G* D. Cwini die* 




1712 

Fnrmkb-Sivnr - 




, 1713 

Jai Hingh dfftpjacos Budh Singh of Bundi 




171S 

Muhammad Shih . 




1719 

Jai Singh appointed the Emperor's* deputy at Agr* and 

Milw.i 

1719 

Grmt earth-qtiaki) nt Delhi * 




I720 

Flamsteed diva # 




1729 

Jni Singh - * expedition ;i gainst Jit* of Bhatttpuj 



1722 

Delhi obfWTTxtury built 




* U 1724 

Hitioria C<rk*Hs Mai Him published , 




1725 

HfcHifft Newton died * „ * t 




* 1717 

Jaipur city built« . * 




■ a I71J& 

The Zij -V uftatnmml Shdhf finished 




■ a I72S 

Aberration of light dtocoverod by Bradley 




172s 

ObPOT'&tionB recorded at Delhi 




1720 

Joi Singh tram? (hr provnte of Mfilwii to the PteshwS 


1731 

Jaipur observatory built 




1734 

Betmre# observatory boiJt . # 




• ^37 

Nidir Shfih socked Delhi 




1739 

Halley died * „ 




1742 

J*i Sin^b di d * 




* 1743 
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